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Compositions and Methods for Use in 
Isolation of Nucleic Acid Molecules 

BACKGROUND OF THE INVENTION 

5 

Field of the Invention 

The present invention relates generally to recombinant genetic 
technology. More particularly, the present invention relates to compositions 

10 and methods for use in selection and isolation of nucleic acid molecules. The 

invention further relates to methods for the preparation of individual nucleic 
acid molecules and populations of nucleic acid molecules, as well as nucleic 
acid molecules produced by these methods. The invention also relates to 
screening and/or selection methods for identifying and/or isolating nucleic acid 

15 molecules which have one or more common features {e.g., characteristics, 

activities, etc.) and populations of nucleic acid molecules which share one or 
more features. 

Related Art 

20 

Site-specific recombinases. Site-specific recombinases are proteins 
that are present in many organisms (e.g., viruses and bacteria) and have been 
characterized to have both endonuclease and ligase properties. These 
recombinases (along with associated proteins in some cases) recognize specific 

25 sequences of bases in DNA and exchange the DNA segments flanking those 

segments. The recombinases and associated proteins are collectively referred 
to as "recombination proteins". See, e.g., Landy, A., Current Opinion in 
Biotechnology 3:699-707 (1993). 

Numerous recombination systems from various organisms have been 

30 described See, e.g., Hoess et a/., Nucleic Acids Research 24(6):2287 (1986); 

Abremski et al, J. Biol Chem. 26i:391 (1986); Campbell, /. 
BacterioL i74(23):7495 (1992); Qian et al, /. BioL Chem. 267:7794 (1992); 
Araki et at, 7. Mol Biol 225:25 (1992); Maeser and Kahnmann Mol Gen. 
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Genet 230:170-176 (1991); Esposito et al. 9 NucL Acids Res. 25:3605 (1997). 
Many of these belong to the integrase family of recombinases (Argos et al 
EMBOl 5:433-440 (1986); Voziyanov et al, NucL Acids Res. 27:930 
(1999)). Perhaps the best studied of these are the Integrase/atf system from 

5 bacteriophage X (Landy, A. Current Opinions in Genetics and Devel 

3:699-707 (1993)), the Cre/tocP system from bacteriophage PI (Hoess and 
Abremski (1990) In Nucleic Acids and Molecular Biology, vol.4. Eds.: 
Eckstein and lilley, Berlin-Heidelberg: Springer-Verlag; pp. 90-109), and the 
FLP/FRT system from the Saccharomyces cerevisiae 2fi circle plasmid 

10 (Broach etal Cell 2P:227-234 (1982)). 

Backman (U.S. Patent No. 4,673,640) discloses the in vivo use of X 
recombinase to recombine a protein producing DNA segment by enzymatic 
site-specific recombination using wild-type recombination sites attB and affP. 
Hasan and Szybalski (Gene 55:145-151 (1987)) disclose the use of 

15 X Int recombinase in vivo for intramolecular recombination between wild-type 

atiP and attB sites which flank a promoter. Because the orientations of these 
sites are inverted relative to each other, this causes an irreversible flipping of 
the promoter region relative to the gene of interest. 

Palazzolo et al. (Gene 55:25-36 (1990)) disclose phage lambda vectors 

20 having bacteriophage X arms that contain restriction sites positioned outside a 

cloned DNA sequence and between wild-type loxP sites. Infection of 
Escherchia coli cells that express the Cre recombinase with these phage 
vectors results in recombination between the loxP sites and the in vivo excision 
of the plasmid replicon, including the cloned cDNA. 

25 P6sfai et al (NucL Acids Res. 22:2392-2398 (1994)) disclose a method 

for inserting into genomic DNA partial expression vectors having a selectable 
marker, flanked by two wild-type FRT recognition sequences. FLP site- 
specific recombinase as present in the cells is used to integrate the vectors into 
the genome at predetermined sites. Under conditions where the replicon is 

30 functional, this cloned genomic DNA can be amplified. 

Bebee et al (U.S. Patent No. 5,434,066) disclose the use of 
site-specific recombinases such as Cre for DNA containing two loxF sites for 
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in vivo recombination between the sites. 

Boyd (NucL Acids Res. 22:817-821 (1993)) discloses a method to 
facilitate the cloning of blunt-ended DNA using conditions that encourage 
intennolecular ligation to a dephosphorylated vector that contains a wild-type 
5 loxP site acted upon by a Cre site-specific recombinase present in Escherchia 

coli host cells. 

Waterhouse etal (WO 93/19172 and Nucleic Acids Res. 21:2265 
(1993)) disclose an in vivo method where light and heavy chains of a particular 
antibody were cloned in different phage vectors between loxP and loxPSll 
10 sites and used to transfect new E. coli cells. Cre, acting in the host cells on the 

two parental molecules (one plasmid, one phage), produced four products in 
equilibrium: two different cointegrates (produced by recombination at either 
loxP or foxPSll sites), and two daughter molecules, one of which was the 
desired product. 

15 Schlake & Bode (Biochemistry 33:12746-12751 (1994)) disclose an in 

vivo method to exchange expression cassettes at defined chromosomal 
locations, each flanked by a wild-type and a spacer-mutated FRT 
recombination site. A double-reciprocal crossover was mediated in cultured 
mammalian cells by using this FLP/FRT system for site-specific 

20 recombination. 

Hartley et al (U.S. Patent No. 5,888,732) disclose compositions and 
methods for recombinational exchange of nucleic acid segments and 
molecules, including for use in recombinational cloning of a variety of nucleic 
acid molecules in vitro and in vivo, using a variety of wild-type and/or mutated 

25 recombination sites and recombination proteins. 

Transposases. The family of enzymes, the transposases, has also been 
used to transfer genetic information between replicons. Transposons are 
structurally variable, being described as simple or compound, but typically 
encode a transposase gene flanked by DNA sequences organized in inverted 

30 orientations. Integration of transposons can be random or highly specific. 

Representative transposons such as Tn7, which are highly site-specific, have 
been applied to the in vivo movement of DNA segments between replicons 
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(Lucklow etaL. J. Virol 67:4566-4579 (1993)). 

Devine and Boeke (Nucl Acids Res. 22:3765-3772 (1994)), disclose 
the construction of artificial transposons for the insertion of DNA segments, 
in vitro, into recipient DNA molecules. The system makes use of the integrase 
of yeast TY1 virus-like particles. The DNA segment of interest is cloned, 
using standard methods, between the ends of the transposon-like element TY1. 
In the presence of the TY1 integrase, the resulting element integrates randomly 
into a second target DNA molecule. 

Recombination Sites. Also key to the integration/recombination 
reactions mediated by the above-noted recombination proteins and/or 
transposases are recognition sequences, often termed "recombination sites," on 
the DNA molecules participating in the integration/recombination reactions. 
These recombination sites are discrete sections or segments of DNA on the 
participating nucleic acid molecules that are recognized and bound by the 
recombination proteins during the initial stages of integration or 
recombination. For example, the recombination site for Cre recombinase is 
lox? which is a 34 base pair sequence comprised of two 13 base pair inverted 
repeats (serving as the recombinase binding sites) flanking an 8 base pair core 
sequence. See Figure 1 of Sauer, B M Curr. Opin. Biotech. 5:521-527 (1994). 
Other examples of recognition sequences include the affB, atfP t atiL, and attR 
sequences which are recognized by the recombination protein X Int. Att& is an 
approximately 25 base pair sequence containing two 9 base pair core-type Int 
binding sites and a 7 base pair overlap region, while atfP is an approximately 
240 base pair sequence containing core-type Iht binding sites and arm-type Int 
binding sites as well as sites for auxiliary proteins integration host factor 
(HF), Fis and excisionase (Xis). See Landy, Curr. Opin. Biotech. 3:699-707 
(1993); see also U.S. Patent No. 5,888,732, which is incorporated by reference 
herein. 

Stop Codons and Suppressor tRNAs. Three codons are used by both 
eukaryotes and prokaryotes to signal the end of gene. When transcribed into 
mRNA, the codons have the following sequences: UAG (amber), UGA (opal) 
and UAA (ochre). Under most circumstances, the cell does not contain any 
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tRNA molecules that recognize these codons. Thus, when a ribosome 
translating an mRNA reaches one of these codons, the ribosome stalls and falls 
of the RNA, terminating translation of the mRNA. The release of the 
ribosome from the mRNA is mediated by specific factors (see S. 
Mottagui-Tabar, NAR 26(11), 2789, 1998). A gene with an in-frame stop 
codon (TAA, TAG, or TGA) will ordinarily encode a protein with a native 
carboxy terminus. However, suppressor tRNAs, can result in the insertion of 
amino acids and continuation of translation past stop codons. 

Mutant tRNA molecules that recognize what are ordinarily stop codons 
suppress the termination of translation of an mRNA molecule and are termed 
suppressor tRNAs. A number of such suppressor tRNAs have been found. 
Examples include, but are not limited to, the supE, supP, supD, supF and supZ 
suppressors which suppress the termination of translation of the amber stop 
codon, supB, gTT, supL, supN, supC and supM suppressors which suppress the 
function of the ochre stop codon and glyT, trpT and Su-9 which suppress the 
function of the opal stop codon. In general, suppressor tRNAs contain one or 
more mutations in the anti-codon loop of the tRNA that allows the tRNA to 
base pair with a codon that ordinarily functions as a stop codon. The mutant 
tRNA is charged with its cognate amino acid residue and the cognate amino 
acid residue is inserted into the translating polypeptide when the stop codon is 
encountered. For a more detailed discussion of suppressor tRNAs, the reader 
may consult Eggertsson, et al t (1988) Microbiological Review 52(3):354-374, 
and Engleerg-KuMa, et ah (1996) in Escherichia coli and Salmonella Cellular 
and Molecular Biology, Chapter 60, pps 909-921, Neidhardt, et al eds., ASM 
Press, Washington, DC. 

DNA cloning. The cloning of DNA segments occurs as a daily routine 
in many research labs and as a prerequisite step in many genetic analyses. 
While the purpose of these clonings varies, two general purposes can be 
considered: (1) the initial cloning of DNA from large DNA or RNA segments 
(chromosomes, YACs, PCR fragments, mRNA, etc.), done in a relative 
handful of known vectors such as pUC, pGem, pBlueScript, and (2) the 
subcloning of these DNA segments into specialized vectors for functional 
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analysis. A great deal of time and effort is expended in the transfer of DNA 
segments from the initial cloning vectors to the more specialized vectors. This 
transfer is called subcloning. 

The basic methods for cloning have been known for many years and 
5 have changed little during that time. A typical cloning protocol is as follows: 

(1) digest the DNA of interest with one or two restriction 
enzymes; 

(2) gel purify the DNA segment of interest when known; 

(3) prepare the vector by cutting with appropriate restriction 
10 enzymes, treating with alkaline phosphatase, gel purify etc., as 

appropriate; 

(4) ligate the DNA segment to the vector, with appropriate 
controls to eliminate background of uncut and self-ligated vector; 

(5) introduce the resulting vector into an Escherchia coli host 

15 cell; 

(6) pick selected colonies and grow small cultures overnight; 

(7) make DNA minipieps; and 

(8) analyze the isolated plasmid on agarose gels (often after 
diagnostic restriction enzyme digestions) or by PCR. 

20 Specialized vectors used for subcloning DNA segments are generally 

functionally diverse. These include, but are not limited to, vectors for 
expressing nucleic acid molecules in various organisms, vectors for regulating 
nucleic acid molecule expression, vectors for providing tags to aid in protein 
purification or to allow tracking of proteins in cells, vectors for modifying the 

25 cloned DNA segment (e.g., generating deletions), vectors for the synthesis of 

probes (eg., riboprobes), vectors for the preparation of templates for DNA 
sequencing, vectors for the identification of protein coding regions, vectors for 
the fusion of various protein-coding regions, vectors designed to provide large 
amounts of the DNA of interest, etc. It is common that a particular 

30 investigation will involve subcloning the DNA segment of interest into several 

different specialized vectors. 

Subcloning is a particularly time consuming process when multiple 
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selection criteria are used sequentially to select subpopulations of DNA 
molecules. Because vector backbones can impart a large variety of functions 
upon the nucleic acid molecules being analyzed, nucleic acid molecules of 
interest within a population or subpopulation can be identified based on these 

5 properties. These populations of nucleic acid molecules can then be isolated 

and transferred into one or more subsequent vectors which impose additional 
sets of conditions that can be used for selection of additional subpopulations. 
By this reiterative process of sequential selections and transfers, populations or 
subpopulations possessing one or more predefined sets of properties, features, 

10 or activities can be separated, selected, identified and/or isolated. One of the 

major problems confronted when using this approach is the need to constantly 
subclone the selected populations into new vectors for additional selections. 

As known in the art, simple subclonings (e.g., subclonings in which the 
nucleic acid molecule is not large and the restriction sites are compatible with 

15 those of the subcloning vector) can be done in one day. However, complex 

subclonings can take several weeks, especially those involving unknown 
sequences, long fragments, toxic genes, unsuitable placement of restriction 
sites, high backgrounds, impure enzymes, etc. Subcloning of nucleic acid 
molecules is thus often viewed as a chore to be done as few times as possible. 

20 Several methods for facilitating the cloning of nucleic acid molecules 

have been described, e.g., as in the following references. 

Ferguson, J. etal {Gene 76:191 (1981)), disclose a family of vectors 
for subcloning fragments of yeast DNA. The vectors encode kanamycin 
resistance. Clones of longer yeast DNA segments can be partially digested and 

25 ligated into the subcloning vectors. If the original cloning vector conveys 

resistance to ampicillin, no purification is necessary prior to transformation, 
since the selection will be for kanamycin, 

Hashimoto-Gotoh, T. etal {Gene 41:125 (1986)), disclose a 
subcloning vector with unique cloning sites within a streptomycin sensitivity 

30 gene; in a streptomycin-resistant host, only plasmids with insertions or 

deletions in the dominant sensitivity gene will survive streptomycin selection. 
Accordingly, traditional subcloning methods using restriction enzymes 
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and ligase are time consuming and relatively unreliable. Considerable labor is 
expended, and if two or more days later the desired subclone cannot be found 
among the candidate plasmids, the entire process must then be repeated using 
alternative conditions. 

5 Although site specific recombinases have been used to recombine 

DNA in vivo, the successful use of such enzymes in vitro was expected to 
suffer from several problems. For example, the site specificities and 
efficiencies were expected to differ in vitro; topologically linked products were 
expected; and the topology of the DNA substrates and recombination proteins 

10 was expected to differ significantly in vitro (see, e.g., Adams etal, J. Mol 

Biol 226:661-73 (1992)). Reactions that could go on for many hours in vivo 
were expected to occur in significantly less time in vitro before the enzymes 
became inactive. In addition, the stabilities of the recombination enzymes 
after incubation for extended periods of time in in vitro reactions was 

15 unknown, as were the effects of the topologies (i.e. t linear, coiled, supercoiled, 

etc.) of the nucleic acid molecules involved in the reaction. Multiple DNA 
recombination products were expected in the biological host used, resulting in 
unsatisfactory reliability, specificity or efficiency of subcloning. Thus, in vitro 
recombination reactions were not expected to be sufficiently efficient to yield 

20 the desired levels of product. 

Recombinational Cloning. Cloning systems that utilize recombination 
at defined recombination sites have been previously described in U.S. Patent 
Nos. 5,888,732 and 6,143,557 and the following related applications: U.S. 
Appl. No. 09/177,387, filed October 23, 1998; U.S. Appl. No. 09/517,466, 

25 filed March 2, 2000; and U.S. Appl. No. 09/732,914, filed December 11, 2000, 

all of which are specifically incorporated herein by reference. In brief, the 
Gateway™ Cloning System, described in this application and the patents and 
applications referred to immediately above, utilizes vectors that contain at least 
one recombination site to clone desired nucleic acid molecules in vivo or in 

30 vitro. More specifically, the system utilizes vectors that contain one or more 

site-specific recombination sites based on the bacteriophage lambda system 
(e.g., attl and att2) which is/are mutated from the wild-type (attO) sites. Each 
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mutated site has a unique specificity for its cognate partner att site (i.e., its 
binding partner recombination site) of the same type (for example attBl with 
atfPl, or attlA with a#Rl) and will not cross-react with recombination sites of 
the other mutant type or with the wild-type attO site. Different site specificities 
5 allow directional cloning or linkage of desired molecules thus providing 

desired orientation of the cloned molecules. Nucleic acid fragments flanked 
by recombination sites are cloned and subcloned using the GATEWAY™ system 
by replacing a selectable marker (for example, ccdB) flanked by att sites on the 
recipient plasmid molecule, sometimes termed the Destination Vector. 

10 Desired clones are then selected by transformation of a ccdB sensitive host 

strain and positive selection for a marker on the recipient molecule. Similar 
strategies for negative selection (e.g., use of toxic genes) can be used in other 
organisms, such as thymidine kinase (TK) in mammalian and insect cells. 

Mutating specific residues in the core region of the att site can generate 

15 a large number of different att sites. As with the attl and attl sites utilized in 

Gateway™, each additional mutation potentially creates a novel att site with 
unique specificity that will recombine only with its cognate partner att site 
bearing the same mutation and will not cross-react with any other mutant or 
wild-type att site. Novel mutated att sites (e.g., attB 1-10, attP 1-10, attR 1-10 

20 and attL 1-10) are described in previous patent application serial number 

09/517,466, filed March 2, 2000, which is specifically incorporated herein by 
reference. 

Other recombination sites having unique specificity (i.e. 9 a first site 
will recombine with its corresponding site and will not recombine or not 

25 substantially recombine with a second site having a different specificity) may 

be used to practice the present invention. Examples of suitable recombination 
sites include, but are not limited to, loxP sites; loxP site mutants, variants or 
derivatives such as loxPSll (see U.S. Patent No. 5,851,808); fit sites; firt site 
mutants, variants or derivatives; dif sites; dif site mutants, variants or 

30 derivatives; psi sites; psi site mutants, variants or derivatives; cer sites; and cer 

site mutants, variants or derivatives. Such recombination sites may be used to 
join or link multiple nucleic acid molecules or segments and more specifically 
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to clone such multiple segments (e.g., two, three, four, five, seven, ten, twelve, 
fifteen, twenty, thirty, fifty, seventy-five, one hundred, two hundred, etc.) into 
one or more vectors (e.g., two, three, four, five, seven, ten, twelve, etc.) 
containing one or more recombination sites (e.g., two, three, four, five, seven, 
ten, twelve, fifteen, twenty, thirty, fifty, seventy-five, one hundred, two 
hundred, etc.), such as any Gateway™ Vector including Destination Vectors. 

Selection. Selection is one of the most common methods used to 
obtain nucleic acid molecules with desired or predefined properties, features, 
or activities. When a nucleic acid molecule of interest is cloned into a vector, 
the vector can provide the nucleic acid molecule of interest with particular 
structural and/or functional characteristics (e.g., altered expression levels, 
additional nucleotide sequences, etc.). Similarly, insertion of a nucleic acid 
molecule into a vector can alter the characteristics of the vector. These altered 
characteristics can be used to select or identify nucleic acid molecules in a 
more complex population or subpopulation of nucleic acid molecules. Once a 
subpopulation has been selected or identified it is often necessary to repeat the 
process in a different vector which provides a different property, feature, or 
activity to be used in selection, separation, or identification. The change from 
one vector to a different vector is generally accomplished using standard 
cloning techniques described above. However, when many rounds of selection 
are utilized, or a large population of nucleic acids is involved, traditional 
cloning techniques can be inefficient, tedious and expensive. Further, 
mistakes in the cloning process can lead to the complete loss of selected or 
isolated nucleic acid molecules, or populations or subpopulations thereof, 
thereby wasting the time and expense used to select or isolate them. 

Accordingly, there is a long felt need to provide alternative methods for 
isolating and manipulating populations, subpopulations or libraries of nucleic 
acid molecules that provide advantages over the known use of restriction 
enzymes and ligases. 
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SUMMARY OF THE INVENTION 

The invention relates to methods for the preparation of individual 
nucleic acid molecules and populations of nucleic acid molecules, as well as 
nucleic acid molecules produced by these methods. The invention also relates 
to screening and/or selection methods for identifying and/or isolating nucleic 
acid molecules which have one or more common features (e.g., characteristics, 
activities, etc) and populations of nucleic acid molecules which share one or 
more features. 

The invention also relates to methods involving the insertion or transfer 
(in vivo or in vitro) of one or more populations of nucleic acid molecules into 
one or more target nucleic acid molecules by recombinational cloning to 
generate new populations of nucleic acid molecules. The nucleic acid 
molecules inserted or transferred into target nucleic acid molecules, as 
described above, may then be inserted or transferred to one or more new or 
different target nucleic acid molecules. Further, at each or any step in the 
process described above, one nucleic acid molecule or a population or 
subpopulation of nucleic acid molecules may be screened or selected to 
identify one or more characteristics or activities present or conferred by either 
the nucleic acid insert and/or by the target nucleic acid molecule. 

In one aspect, the invention relates to the transfer of some or all of a 
population of nucleic acid molecules by recombinational cloning (in vivo or in 
vitro) into one or more desired target nucleic acid molecules. Preferably, the 
population or subpopulation of molecules to be transferred comprise one or 
more recombination sites and the target nucleic acid molecules comprise one 
or more recombination sites and the transfer is accomplished by recombination 
of at least one recombination site on each of such molecules. Such 
recombination preferably accomplished in the presence of at least one 
recombination protein. Moreover, such transfer of a population or 
subpopulation of molecules by recombination into new or different target 
molecules may be done any number of times in accordance with the invention. 

In a more specific aspect, the invention relates, in part, to methods for 
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inserting or transferring a population of nucleic acid molecules into one or 
more second target molecules (e.g., target molecules which are the same or 
different), these methods comprise: 

(a) mixing at least a first population of nucleic acid 
5 molecules comprising one or more recombination sites with at least one first 

target nucleic acid molecule comprising one or more recombination sites; 

(b) causing some or all of the nucleic acid molecules of the 
at least first population to recombine with some or all of the first target nucleic 
acid molecules, thereby forming a second population of nucleic acid 

10 molecules; 

(c) mixing at least the second population of nucleic acid 
molecules with at least one second target nucleic acid molecule comprising 
one or more recombination sites; and 

(d) causing some or all of the nucleic acid molecules of the 
15 at least second population to recombine with some or all of the second target 

nucleic acid molecules, thereby forming a third population of nucleic acid 
molecules. 

In related aspects, the recombination in step (b) or (d) above is caused 
by mixing the first population of nucleic acid molecules and the first target 
20 nucleic acid molecule with one or more recombination proteins under 

conditions which favor the recombination. 

In additional related aspects, the one or more recombination proteins 
comprise one or more proteins selected from the group consisting of: 





(a) 


Cre; 


25 


(b). 


bit; 




(c) 


IHF; 




(d) 


Xis; 




(e) 


Hin; 




<9 


Gin; 


30 


(g) 


Cin; 




00 
(i) 


Tn3 resolvase; 
TndX; 
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(j) XerC; and 
(k) XerD. 

In yet other related aspects, the one or more recombination proteins are 
in admixture with at least one second protein which (1) has a molecular weight 
below about 14,000 daltons, (2) contains at least 15% basic amino acid 
residues, and (3) enhances recombination. 

In certain related aspects, the one or more second proteins comprises 
Fis, a ribosomomal protein, or a fragment of either Fis or a ribosomomal 
protein. Further, the ribosomal protein may be a prokaryotic ribosomal protein 
(e.g., a ribosomal protein selected from the group of Escherchia coli ribosomal 
proteins S10, S14, S15, S16, S17, S18, S19, S20, S21, L14, L21, L23, L24, 
L25, L27, L28, L29, L30, L31, L32, L33 and L34). 

In additional related aspects, some or all members of the population of 
nucleic acid molecules (e.g., the first population of nucleic acid molecules) 
comprises a synthetic library, a cDNA library, a genomic library, a library 
which encodes peptides, or a combination of these libraries. The library may 
also be a normalized library. 

In other related aspects, some or all of the target nucleic acid molecules 
(e.g., the first or second target nucleic acid molecules), some or all of the 
individual members of the population of nucleic acid molecules (e.g., the first 
or second population of nucleic acid molecules), or both the target nucleic acid 
molecules and the individual members of the population of nucleic acid 
molecules are linear nucleic acid molecules. In any event, such molecules may 
generally be in any form including linear, circular, supercoiled, etc. 

In yet other related aspects, some or all of the target nucleic acid 
molecules and/or some or all of the individual members of the population of 
nucleic acid molecules comprise (1) at least two recombination sites or (2) at 
least one recombination site and at least one restriction endonuclease site, at 
least one topoisomerase cloning site, at least one site for homologous 
recombination, or at least one other site which can be ligated to another 
nucleic acid molecule. In another aspect, all or at least some portion of such 
target molecules and/or such populations are flanked by (l)at least two 
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recombination sites or (2) at least one recombination site and at least one 
restriction endonuclease site, at least one topoisomerase cloning site, at least 
one site for homologous recombination, or at least one other site which can be 
ligated to another nucleic acid molecule. 

in additional related aspects, the individual members of the first 
population of nucleic acid molecules are flanked by one recombination site 
and one restriction endonuclease site. 

In specific embodiments, recombination sites of molecules used in 
methods of the invention may comprise one or more recombination sites 
selected from the group consisting of: 

(a) lox sites; 

(b) psi sites; 

(c) dif sites; 

(d) cer sites; 

(e) frt sites; 

(f) att sites; and 

(g) mutants, variants, and derivatives of the recombination 
sites of (a), (b), (c), (d), (e), or (f) which retain the ability to undergo 
recombination. 

In related embodiments, recombination sites of molecules used in 
methods of the invention may comprise att sites having identical seven base 
pair overlap regions. In more specific embodiments, the first three nucleotides 
of the seven base pair overlap regions of these recombination sites may 
comprise nucleotide sequences selected from the group consisting of: 



(a) 


AAA 


(b) 


AAC; 


(c) 


AAG; 


(d) 


AAT; 


(e) 


ACA; 


(f) 


ACQ 


(g) 


ACG; 


(h) 


ACT; 
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(0 


AGA 


0) 


AGC; 


00 


AGG 


0) 


AGT; 


(m) 


ATA; 


(n) 


ATC; 


(o) 


ATG; 


(P) 


ATT. 



In additional specific embodiments, the first three nucleotides of the 
10 seven base pair overlap regions of these recombination sites may comprise 

nucleotide sequences selected from the group consisting of: 



(a) 


CAA; 


(b) 


CAC; 


(c) 


CAG; 


(d) 


CAT; 


(e) 


CCA; 


(f) 


CCC; 


(g) 


CCG; 


00 


CCT; 


(i) 


CGA; 


(j) 


CGC; 


(k) 


CGG, 


(1) 


CGT; 


(m) 


CTA; 


(n) 


CTC; 


(o) 


CTG; 


(P) 


CTT. 



In additional specific embodiments, the first three nucleotides of the 
seven base pair overlap regions of these recombination sites may comprise 
30 nucleotide sequences selected from the group consisting of: 

(a) GAA; 

(b) GAC; 
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10 



(c) 


GAG 


(d) 


GAT; 


(e) 


GCA; 


(f) 


GCC; 


(g) 


GCG; 


(h) 


GCT; 


(i) 


GGA; 


(j) 


GGC; 


Ck) 


GGG; 


(I) 


GGT; 


(m) 


GTA; 


(n) 


GTC; 


(o) 


GTG; 


(P) 


GTT. 



15 



and 



In additional specific embodiments, the first three nucleotides of the 
seven base pair overlap regions of these recombination sites may comprise 
nucleotide sequences selected from the group consisting of: 



20 



25 



30 



(a) 


TAA, 


(b) 


TAC; 


(c) 


TAG; 


(d) 


TAT; 


(e) 


TCA; 


(f) 


TCC; 


(g) 


TCG; 


(h) 


TCT; 


(i) 


TGA; 


0) 


TGC; 


(k) 


TGG; 


0) 


TGT; 


(m) 


TTA; 


(n) 


TTC; 


(o) 


TTG; 



and 



16 



WO 02/095055 



PCT/US02/15947 



(p) TTT. 

In specific embodiments, some or all of the target nucleic acid 
molecules (e.g., the first or second target nucleic acid molecule) are vectors 
(e.g., a vector selected from the group consisting of pDONR201, pDONR212, 
pDONR212(F), pDONR212(R), pDONR205 and pDONR207), In another 
aspect, some or all of the members of the population of molecules are vectors. 

In additional specific embodiments, populations of nucleic acid 
molecules (e.g., cDNA molecules) may be prepared so that the individual 
members of these populations have at least one recombination site (e.g., attL 
sites) at one or both termini. In one specific aspect, such recombination sites 
are attL sites or mutants, variants, or derivatives thereof. Further, these attL 
sites (or mutants, variants, or derivatives thereof) may be positioned so that, 
upon recombination with attR sites (or mutants, variants, or derivatives 
thereof), the individual members of the populations have attB sites (or 
mutants, variants, or derivatives thereof) at one or both termini. Thus, the 
invention includes the construction of populations of nucleic acid molecules 
(e.g., cDNA molecules) which contain attL sites (or mutants, variants, or 
derivatives thereof) at at least one terminus. * Such populations of nucleic acid 
molecules may be inserted directly into vectors to generate expression clones. 

The invention also provides populations of nucleic acid molecules 
prepared by the above methods, as well as compositions comprising these 
nucleic acid molecules, individual members of these populations of molecules, 
populations of host cells (e.g., prokaryotic or eukaryotic cells) which comprise 
these populations, and individual host cells (e.g., individual bacterial cells 
such as E. coli cells or individual eukaryotic cells such as yeast cells, plant 
cells, or animal cells) of these populations. 

The invention further provides methods for identifying one or more 
nucleic acid molecules having at least one specific property, feature, or 
activity, these methods comprise: 

(a) mixing at least a first population of nucleic acid 
molecules comprising one or more recombination sites with at least one first 
target nucleic acid molecule comprising one or more recombination sites; 
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(b) causing some or all of the nucleic acid molecules of the 
at least first population to recombine with some or all of the first target nucleic 
acid molecules, thereby forming a second population of nucleic acid 
molecules; 

5 (c) separating, identifying or selecting one or more nucleic 

acid molecules or a subpopulation of the second population which have at least 
one specific property, activity, or feature different from other members of the 
second population, thereby generating a third population of nucleic acid 
molecules which share the at least one specific property, activity, or feature, 
10 and optionally; 

(d) mixing at least the third population of nucleic acid 
molecules with at least one second target nucleic acid molecule comprising 
one or more recombination sites; 

(e) causing some or aU of the nucleic acid molecules of the 
15 at least third population to recombine with some or all of the second target 

nucleic acid molecules, thereby forming a fourth population of nucleic acid 
molecules; and 

(f) separating, identifying or selecting one or more nucleic 
acid molecules or a subpopulation of the fourth population which have at least 

20 one specific property, activity, or feature different from other members of the 

fourth population, thereby generating a fifth population of nucleic acid 
molecules which share the at least one specific property, activity, or feature. 

Further, steps (a)-(c) and/or (d)-(f) above may be repeated any number 
of times. Thus, according to the invention, single or multiple rounds of 

25 recombination and selection or identification may be accomplished to obtain 

one or a number of molecule having one or multiple desired properties, 
activities, or features. The invention therefore provides a powerful and 
efficient tool to isolate and identify selected members from a population. 

In related aspects, the at least one specific property, feature, or activity 

30 identified according to the invention may be either the same or different 

properties, features, or activities. Further, the at least one specific property, 
feature, or activity may not be properties, features, or activities of expression 
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products of individual members any of the selected, identified, or separated 
members or other molecules present in populations of nucleic acid molecules 
(e.g., the at least one specific property, feature, or activity may be a property, 
feature, or activity of a target nucleic acid molecule). In addition, the at least 
one specific property, feature, or activity may be, but is not limited to, a 
properties, features, or activities selected from the group consisting of: 

(a) the ability to hybridize intramolecularly (e.g., to form 
intramolecular "secondary" structures) or to another nucleic acid molecule 
under stringent hybridization conditions; 

(b) the ability to activate transcription; 

(c) the ability to bind proteins; 

(d) the ability to initiate replication of nucleic acid 



molecules; 
cell division; 



(e) the ability to segregate nucleic acid molecules during 



(f) the ability to direct the packaging of nucleic acid 
molecules into viral particles; 

(g) the ability to be cleaved by one or more restriction 

endonucleases; 

(i) the ability to be joined to another nucleic acid molecule 
by topoisomerase (e.g., by topoisomerase cloning); 

(j) the ability to be ligated to another nucleic acid 

molecule; 

(k) the ability to recombine with another nucleic acid 
molecule by homologous recombination; 

(1) the ability to anneal to another nucleic acid molecule; 

and 

(m) the ability to recombine with another nucleic acid 
molecule by site specific recombination. 

In additional related aspects, the at least one specific property, feature, 
or activity may be properties, features, or activities of encoded expression 
products. For example, the at least one specific property, feature, or activity 
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may be properties, features, or activities selected from the group consisting of: 

(a) ribozyme activity; 

(b) tRNA activity; 

(c) antisense activity; 

5 (d) being encoded by nucleic acid which is in-frame with 

nucleic acid that encodes another polypeptide; 

(e) the ability to induce an immunological response; 

(f) having binding affinity for a particular ligand; 

(g) the ability to target a protein to a particular location in a 

10 cell; 

(h) the ability to undergo proteolytic cleavage; and 

(i) the ability to undergo post-translational modification. 
The invention also provides methods for identifying one or more 

nucleic acid molecules having at least one specific property, feature, or 
15 activity, these methods comprise: 

(a) providing a first population of nucleic acid molecules 
comprising one or more recombination sites; 

(b) separating, identifying, or selecting two or more nucleic 
acid molecules of the first population which have at least one specific 

20 property, feature, or activity different from other nucleic acid molecules in the 

population, thereby generating at least one a second population of nucleic acid 
molecules which share the at least one specific property, feature, or activity; 

(c) mixing at least the second population of nucleic acid 
molecules with at least one target nucleic acid molecule comprising one or 

25 more recombination sites; 

(d) causing some or all of the nucleic acid molecules of the 
at least second population to recombine with some or all of the target nucleic 
acid molecules, thereby forming a third population of nucleic acid molecules; 
and 

30 (e) separating, identifying or selecting one or more nucleic 

acid molecules of the third population which have at least one specific 
property, feature, or activity different from other nucleic acid molecules in the 
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population. 

The invention additionally provides methods for identifying one or 
more nucleic acid molecules having at least one specific property, feature, or 
activity which can be detected by in vitro screening, these methods comprise: 

(a) mixing at least a first population of nucleic acid 
molecules comprising one or more recombination sites with at least one first 
target nucleic acid molecule comprising one or more recombination sites; 

(b) causing some or all of the nucleic acid molecules of the 
at least first population to recombine with some or all of the first target nucleic 
acid molecules, thereby forming a second population of nucleic acid 
molecules; and 

(c) separating, identifying or selecting one or more nucleic 
acid molecules of the second population which have at least one specific 
property, feature, or activity different from other members of the population, 
thereby generating a third population of nucleic acid molecules which share 
the at least one specific property, feature, or activity. 

The invention thus provides methods described immediately above in 
which in vitro screening is performed to identify one or more nucleic acid 
molecules having at least one specific property, feature, or activity, as well as 
nucleic acid molecules identified by the above methods and expression 
products of these nucleic acid molecules. 

Examples of properties, features, and/or activities which can be 
detected by in vitro screening include, but are not limited to, the ability to 
hybridize either intramolecularly or to another nucleic acid molecule under 
stringent hybridization conditions, the ability to activate transcription, the 
ability to bind proteins, the ability to initiate replication of nucleic acid 
molecules, the ability to be cleaved by one or more restriction endonucleases, 
the ability to be joined to another nucleic acid molecule by topoisomerase, the 
ability to be ligated to another nucleic acid molecule, the ability to anneal to 
another nucleic acid molecule, and the ability to recombine with another 
nucleic acid molecule by site specific recombination. 

In addition, nucleic acid molecules may be screened using in vitro 



21 



WO 02/095055 



PCT/US02/15947 



methods to detect properties, features, or activities associated with encoded 
expression products. Properties, features, or activities of such expression 
products include, but are not limited to, the following: ribozyme activity, 
tRNA activity, antisense activity, being encoded by nucleic acid which is in- 
frame with nucleic acid that encodes another polypeptide, the ability to induce 
an immunological response, having binding affinity for a particular ligand, the 
ability to undergo proteolytic cleavage, and the ability to undergo post- 
translational modification. 

The invention further provides compositions comprising two or more 
genetic elements which confer a temperature sensitive phenotype upon host 
cells. In specific embodiments, at least one of the genetic elements is either an 
origin of replication (e.g. 9 E. coli origin of replication) or an antibiotic 
resistance marker (e.g., kanamycin resistance marker, an ampicillin resistance 
marker, a gentamycin resistance marker, etc.). 

In additional specific embodiments, the two or more genetic elements 
which confer the temperature sensitive phenotype are located on the same 
nucleic acid molecule. Further, when two genetic elements are located on the 
same nucleic acid molecule, these elements may be separated by less than 200 
nucleotides of intervening nucleic acid. 

The invention additionally provides kits for inserting a population of 
nucleic acid molecules into a second target molecule according to the methods 
described above, these kits may comprise one or more components selected 
from the group consisting of: 

(a) one or more first population of nucleic acid molecules; 

(b) one or more first target nucleic acid molecule; 

(c) one or more second target nucleic acid molecule; 

(d) one or more recombination proteins or compositions 
comprising one or more recombination proteins; 

(e) one or more enzymes having ligase activity; 

(f) one or more enzymes having polymerase activity; 

(g) one or more enzymes having reverse transcriptase 

activity; 
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(h) one or more enzymes having restriction endonuclease 

activity; 

(i) one or more primers ; 
(j) one or more buffers; 

5 (k) one or more transfection reagents; 

(1) one or more host cells; 

(m) one or more enzymes having UDG glycosylase activity 
(e.g., Invitrogen Corp., Carlsbad, CA, Catalog No. 18054-015); 

(n) one or more enzymes having topoisomerase activity; 
10 (o) one or more proteins which facilitate homologous 

recombination; and 

(p) instructions for using the kit components. 
In specific embodiments, the kits contain the one or more 
recombination proteins or composition comprising one or more recombination 
15 proteins capable of catalyzing recombination between att sites. In more 

specific embodiments, the composition comprising one or more recombination 
proteins capable of catalyzing a BP reaction, an LR reaction, or both BP and 
LR reactions. 

In related embodiments, kits of the invention contain at least one first 
20 population of nucleic acid molecules comprising one or more library which 

encode either variable heavy or variable light domains of antibody molecules. 

Other embodiments of the present invention will be apparent to one of 
ordinary skill in light of what is known in the art, in light of the following 
drawings and description of the invention, and in light of the claims. 



25 



BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 depicts one general method of the invention. In particular, a 
first population of nucleic acid molecules (e.g., cDNA molecules) is mixed 
30 with a target nucleic acid molecule (labeled "first target molecule"). The 

individual members of the first population of nucleic acid molecules and/or the 
first target molecule shown have one or more recombination sites. One such 
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site is labeled "insertion site" on the first target molecule. The individual 
members of the first population of nucleic acid molecules are inserted into the 
target molecule by a recombination reaction (labeled "first recombination 11 ) 
and, optionally, subjected to one or more selection, identification, or isolation 
steps, thereby forming the second population of nucleic acid molecules 
(labeled "second population"). The second population of nucleic acid 
molecules is then mixed with a second target nucleic acid molecule (labeled 
"second target molecule"). The nucleic acid inserts of the second population 
of nucleic acid molecules are then transferred to the second target nucleic acid 
molecule by a recombination reaction Oabeled "second recombination") and, 
optionally, subjected to one or more selection, identification, or isolation steps, 
thereby forming a third population of nucleic acid molecules (labeled "third 
population"). 

Figure 2 shows one example of a process of the invention for the 
generation of Expression Clones by the transfer of nucleic acid molecules of a 
cDNA library flanked by attB sites. The nucleic acid molecules of the cDNA 
library initially reside in supercoiled plasmids which contain an ampicillin 
resistance marker (labeled "amp"), an origin of replication (labeled "ORT), 
and a site which can be used to linearize the vector (labeled "cut site"). The 
nucleic acid molecules of the cDNA library are then inserted into a linear 
pDONR plasmid (also abbreviated "pDONOR") (which contains atiP sites, an 
origin of replication and a kanamycin resistance marker (labeled "kan")) by a 
BP reaction in the presence of Fis protein. The resulting products of this 
reaction are Entry Clones. The nucleic acid molecules of the cDNA library 
can then be transferred from the Entry Clones to a Destination Vector by an 
LR reaction to generate new Expression Clones. As one skilled in the art 
would recognize, populations of nucleic acid molecules other than cDNA 
libraries (e.g., genomic libraries, synthetic libraries, etc.) may be used in 
similar processes. 

Figure 3 shows another example of a process of the invention for the 
generation of Expression Clones by the transfer of nucleic acid molecules of a 
cDNA library flanked by attB sites. In this instance, the cDNA library and 
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ati? site donor molecules are linear. BP CLONASE™ catalyzed recombination 
results in the cDNA molecules of the library being flanked by attL sites. The 
cDNA molecules are then inserted into a Destination Vector by LR 
CLONASE™ catalyzed recombination to generate new Expression Clones. As 
5 one skilled in the art would recognize, populations of nucleic acid molecules 

other than cDNA libraries may be used in similar processes. 

Figure 4 shows a schematic representation of a Destination Vector 
which can be used for the insertion and subsequent transfer of nucleic acid 
molecules flanked by attlA and o#L2 sites. cDNA molecules flanked by attlA 

10 and atfLl sites which can be inserted into the vector using LR CLONASE™ 

catalyzed recombination are also shown. Subsequent recombination with, for 
example, any atiP Donor plasmid can be used to create new populations of 
Destination Vectors or Entry Clones. For example, linear pDONOR 
molecules which have been cut in the backbone of the vector (e.g., between 

15 kan and on) may be used to generate/regenerate Destination Vectors (e.g., the 

first target molecule shown in this figure). As one skilled in the art would 
recognize, populations of nucleic acid molecules other than cDNA libraries 
may be used in similar processes. Further, any of the molecules which 
undergo recombination may be linear or closed, circular. 

20 Figure 5 shows one example of a process of the invention for the 

generation of Expression Clones by the transfer of nucleic acid molecules of a 
cDNA library flanked by an attB site and a site which can be used for nucleic 
acid cleavage (labeled "cut site 2"). In this instance, cut site 2 is a site which is 
cleaved by a restriction endonuclease, referred to as "restriction enzyme 2". 

25 The population of cDNA is transferred by combining recombination and 

ligation. As one skilled in the art would recognize, populations of nucleic acid 
molecules other than cDNA libraries may be used in similar processes. 

Figures 6A-6D represents nucleic acid segments, each of which 
contains an origin of replication (OBI) and a kanamycin resistance marker 

30 (Kan). Each of these genetic elements has particular directionalities of 

function, which are indicated by the arrows. 

Figure 7 shows a schematic of a selection process for the use of 
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conjugative transfer to select for nucleic acid molecules having particular 
nucleic acid segments. In this case onT, is an origin of conjugative DNA 
transfer (CDT). Thus, only nucleic acid molecules which contain orfT will be 
transferred from one cell to another during conjugation. As one skilled in the 
art would recognize, populations of nucleic acid molecules other than cDNA 
libraries may be used in similar processes. 

Figure 8 shows a two step selection and screening process of the 
invention for identifying cDNA molecules which have particular properties. 
As part of the first step in the process, Expression Clones are generated using 
cDNA molecules of a cDNA library. A Gall promoter is located at one end of 
the molecules of the cDNA library inserted into the vector. Nucleic acid 
which encodes the encodes Galactose 4 gene Activation Domain (Gal4 AD) is 
located between the Gall promoter and the cDNA inserts. The Expression 
Clone library is then inserted into yeast cells and selection occurs using a 
two-hybrid assay to identify cDNAs which encode proteins (Le. t "prey" 
proteins) that associate with a "bait" protein. Two-hybrid assay systems are 
described, for example, in Yavuzer and Goding, Gene 165:93-96 (1995); Vidal 
et a/., U.S. Patent No. 5,955,280; and Fields et al, U.S. Patent No. 5,283,173, 
the entire disclosures of each of which are incorporated herein by reference. 

The cDNAs of a cDNA library identified by the two-hybrid selection 
process described above are then transferred to another vector which contains 
nucleic acid encoding a HIS6 tag located between a T7 promoter and the 
cDNA inserts. These vectors are then inserted in cells, fusion proteins are 
expressed, and the resulting protein is precipitated by immune precipitation in 
the presence of extracts containing the putative interaction protein(s). As one 
skilled in the art would recognize, populations of nucleic acid molecules other 
than cDNA libraries may be used in similar processes. 

Figure 9 depicts one general description of recombinational cloning 
processes which can be used in the practice of the invention. The goal is to 
exchange the new subcloning vector D for the original cloning vector B. Thus, 
in certain embodiments, it is desirable to select for AD and against all the 
other molecules, including the Cointegrate. The square and circle are 
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recombination sites (e.g., lox (such as loxP) sites, att sites, etc.). Further, 
Segment D can contain expression signals, protein fusion domains, drug 
markers, origins of replication, or specialized functions for mapping or 
sequencing DNA. It should be noted that the Cointegrate molecule contains 
Segment D adjacent to Segment A (Insert), thereby juxtaposing functional 
elements in Segment D with the Insert. Such molecules can be used directly in 
vitro {e.g., if a promoter is positioned adjacent to a gene-for in vitro 
transcription/translation) or in vivo {e.g., following isolation in a cell capable 
of propagating ccdB-containing vectors) by selecting for selection markers in 
Segments B+D. As one skilled in the art will recognize, this single step 
recombination cloning process has utility in certain envisioned applications of 
the invention. 

Figure 10 is a depiction of the recombinational cloning system referred 
to herein as the "Gateway™ Cloning System" (Figure 10A). This figure 
depicts the production of Expression Clones via a "Destination Reaction," also 
referred to herein as an "LR Reaction" or an "LR Clonase™ Reaction." A 
kan r vector (labeled "Entry Clone") containing a DNA molecule of interest 
{e.g., a gene) located between an dttlA site and an attUZ site is reacted with an 
amp r vector (labeled "Destination Vector") containing a toxic or "death" gene 
located between an atfRl site and an a#R2 site, in the presence of Gateway™ 
LR Clonase™ Enzyme Mix (a mixture of Int, IHF and Xis). After incubation 
at 25°C for about 60 minutes, the reaction yields an amp r Expression Clone 
containing the DNA molecule of interest located between an attBl site and an 
attB2 site, and a kan r By-product molecule, as well as intermediates. The 
reaction mixture may then be transformed into host cells {e.g., Escherchia 
coli) and clones containing the nucleic acid molecule of interest may be 
selected by plating the cells onto ampicillin-containing media and picking 
amp r colonies. 

Figure 10B is a depiction of the production of Entry Clones via an 
"Entry Reaction," also referred to herein as a "BP reaction " or a "BP 
Clonase™ Reaction." In the example shown in this figure, an amp r 
expression vector containing a DNA molecule of interest {e.g., a gene) 
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localized between an attBl site and an attBl site is reacted with a kan r Donor 
vector containing a toxic or "death" gene localized between an atiPl site and 
an attP2 site, in the presence of GATEWAY™ BP Clonase™ Enzyme Mix (a 
mixture of Int and IHF). After incubation at 25°C for about 45 minutes, the 
5 reaction yields a kan r Entry Clone containing the DNA molecule of interest 

localized between an attlA site and an atiL2 site, and an amp 1 " By-product 
molecule. The Entry Clone may then be transformed into host cells (e.g., E. 
coli) and clones containing the Entry Clone (and therefore the nucleic acid 
molecule of interest) may be selected by plating the cells onto kanamycin- 

10 containing media and picking kan r colonies. Although this figure shows an 

example of use of a kan r Donor vector, it is also possible to use Donor vectors 
containing other selection markers, such as the gentamycin resistance or 
tetracycline resistance markers, as discussed herein. 

Figure 11 is a schematic depiction of the cloning of a nucleic acid 

15 molecule from an Entry Clone into multiple types of Destination vectors, to 

produce a variety of Expression Clones. Recombination between a given 
Entry clone and different types of Destination Vectors (not shown), via the LR 
Reaction depicted in Figure 10, produces multiple different Expression Clones 
for use in a variety of applications and host cell types. 

20 Figure 12 shows the sequences of the attBl and attB2 sites flanking a 

gene of interest after subcloning into a Destination Vector to create an 
Expression Clone. One reading frame of each recombination site is indicated. 
The seven base pair overlap regions of each site are also shown. 

Figures 13A-13C show the sequences of a number of att sites (SEQ ID 

25 NOs:l-36) suitable for use in methods and compositions of the invention. 

Sequences are written conventionally, from 5 f to 3*. The sevep base pair 
overlap regions of each site is indicated by underlining. 

Figure 14 is a schematic depiction of four ways to make Entry Clones 
using the compositions and methods of the invention: (1) using restriction 

30 enzymes and ligase; (2) starting with a cDNA library prepared in an atfL Entry 

Vector; (3) using an Expression Clone from a library prepared in an attB 
Expression Vector via the BP reaction; and (4) recombinational cloning of 
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PCR fragments with terminal affB sites, via the BP reaction. Approaches 3 
and 4 rely on recombination with a Donor vector (shown here as an atiP 
vector, such as pDONR201 (Invitrogen Coip., Carlsbad, CA, Catalog No. 
1 1798-014), or pDONR207 (see Figures 19A-19C), for example) that provides 
5 the Entry Clone with a selection marker such as kan r , gen r , tet 1 , or the like. 

Numerous additional methods (e.g., topoisomerase cloning) may used to make 
Entry Clones. 

Figure 15 is a schematic depiction of a method for cloning of a PCR 

product using a BP reaction. A PCR product with 25 base pair terminal attB 
10 sites (plus four guanine residues) is shown as a substrate for the BP reaction. 

Recombination between the atfB-PCR product of a gene and a Donor vector 

(which donates an Entry Vector that carries kan*) results in the generation of an 

Entry Clone containing the PCR product. 

Figure 16 shows the plasmid backbone (Figure 16 A) and nucleotide 
15 sequence (Figure 16B, SEQ ID NO:37) of the Entry Vector pENTRIA). 

Plasmid specific maps, sequences and schematic depiction of structural and 

functional features for a variety of Entry Vectors are disclosed in U.S. 

Application No. 09/177,387, filed October 23, 1998; U.S. Application No. 

09/517,466, filed March 2, 2000; and PCT Publication WO 00/52027 the 
20 disclosures of which are incorporated herein by reference in their entireties. 

Figure 17A-17D depictions the physical map (Figure 17A) and 

nucleotide sequence (Figures 17B-17D, SEQ ID NO:38) of the Destination 

plasmid pDESTl. 

Figure 18A-18C depictions the physical map (Figure 18 A) and 
25 nucleotide sequence (Figures 18B-18C, SEQ ID NO:39) of the Donor plasmid 

pDONR207, which donates a gentamycin-resistance marker in the BP 
reaction. 
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Figure 19 is a schematic representation of the use of the present 
invention to clone two nucleic acid segments by performing an LR 
recombination reaction. 

Figure 20A is a plasmid map showing a construct for providing a 
C-tenninal fusion to a polypeptide encoded by nucleic acid inserted into the 
plasmid. SupF encodes a suppressor function. Thus, when supF is expressed, 
a GUS-GST fusion protein is produced. Variations of this molecule can be 
used to express, GUS (or any other nucleic acid segment) fused to essentially 
any polypeptide. 

Figure 20B is a schematic representation of method for controlling 
both gene suppression and expression. The T7 RNA polymerase gene contains 
one or more (two are shown) amber stop codons Qabeled "am") in place of 
tyrosine codons. Leaky (uninduced) transcription from the inducible promoter 
makes insufficient supF to result in the production of active 17 RNA 
polymerase. Upon induction, sufficient supF is produced to make active T7 
RNA polymerase, which results in increased expression of supF, which results 
in further increased expression of 17 RNA polymerase. The 17 RNA 
polymerase further induces expression of Gene. Further, expression of supF 
results in the addition of a C-terminal tag to the Gene expression product by 
suppression of the intervening amber stop codon. 

Figure 21 is a plasmid map showing a construct for the production of 
N- and/or C-terminal fusions of a gene of interest. Circled numbers represent 
amber, ochre, or opal stop codons. Suppression of these stop codons result in 
expression of fusion tags on the N-terminus, the C-teiminus, or both termini. 
In the absence of suppression, native protein is produced. 

Figure 22 shows experiments related to Fis stimulation of single-site 
LR recombination reactions. Reactions (20 pi) were performed using 100 
fmol pATTL2 and 100 ftnol pATTR2-£a/nHI substrates (see "Experimental 
Methods' 1 in Example 9 below). The percentage of recombination product 
observed at given Fis concentrations is plotted for three different 
concentrations of Xis. Percent product was determined by dividing the 
amount of radioactivity in the product band by the sum of the amount of 
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radioactivity in the substrate and product bands. 

Figure 23 shows experiments related to Fis stimulation of double-site 
BP recombination reactions. Reactions (20 jil) were performed using 100 
fmol pDONR201 and 100 fmol pBGFP2-X7ic?I substrates (see "Experimental 
5 Methods" in Example 9 below). The percentage of recombination product 

observed at given Fis concentrations is plotted for two different concentrations 
of NaCl. Percent product was determined by dividing the amount of 
radioactivity in the product band by the sum of the amount of radioactivity in 
the substrate, cointegrate, and product bands. 

10 Figure 24 shows experiments related to the effect of salt concentration 

on Fis stimulation of double-site BP recombination reactions. Reactions (20 
jaI) were performed using 100 fmol pDONR201 and 100 fmol pBGFP2-Xfc<?I 
substrates (see "Experimental Methods" in Example 9 below). The percentage 
of recombination product observed at given NaCl concentrations is plotted for 

15 four different concentrations of Fis. Data shown are averages of 3 

experiments, with standard deviation shown by error bars. 

Figure 25 shows experiments which demonstrate that Fis stimulation 
of single-site BP recombination reactions is evident at lower Int 
concentrations. Reactions (20 were performed using 100 fmol pATTP2 

20 and 100 fmol pATTB2-Efind substrates (see "Experimental Methods" in 

Example 9 below). The percentage of recombination product observed at 
given Int concentrations is plotted for three different Fis concentrations. 

Figure 26A-26C depictions the physical map (Figure 26A) and 
nucleotide sequence (Figures 26B-26C, SEQ ID NO:40) of the Destination 

25 plasmid pDONR201 . 

Figure 27A-27C depictions the physical map (Figure 27 A) and 
nucleotide sequence (Figures 27B-27C, SEQ ID NO:41) of the Destination 
plasmid pDONR212. 

Figure 28A-28C depictions the physical map (Figure 28A) and 

30 nucleotide sequence (Figures 28B-28C, SEQ ID NO:42) of the Destination 

plasmid pDONR212(F), which contains a full length pUC plasmid derived 
origin of replication. 
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Figure 29A-29C depictions the physical map (Figure 29A) and 
nucleotide sequence (Figures 29B-29C, SEQ ID NO:43) of the Destination 
plasmid pDONR212(R), which contains a full length pUC plasmid derived 
origin of replication in a reverse orientation as compared to pDONR212(F). 

Figure 30 shows an example of a process of the invention for the 
generation of circularized vectors which contain cDNA molecules flanked by 
recombination sites. In particular, single site recombination is used to attach 
cDNA molecules to linearized vectors. One end of the cDNA molecule, which 
does not contain a recombination site, is then attached to the free end of the 
vector to circularize the molecule. Circularization may be accomplished by 
any number of means, including homologous recombination, annealing, 
ligation, or the use of topoisomerases {e.g., a Vaccinia virus topoisomerase; 
see U.S. Patent No. 5,766,891, the entire disclosure of which is incorporated 
herein by reference). 

Figure 31 shows an example of a process of the invention for the 
insertion of two nucleic acid segments into a target nucleic acid molecule, and 
the subsequent connection of these two nucleic acid segments, to generate a 
circular nucleic acid molecule. The abbreviation "RS" stands for 
recombination site. Further, RSI and RS2 are recombination sites which 
differ in recombination specificity. Nucleic acid segments A and B may be 
connected to each other by any number of means (e.g., homologous 
recombination, annealing, site specific recombination, topoisomerase cloning, 
etc.). Either one or both of nucleic acid segments A and B, for example, can 
be individual members of one or more libraries (e.g., combinatorial libraries). 
Further, in many embodiments, the nucleic acid segments which are connected 
to each other will be flanked by recombination sites that allow for the 
transferred of the joined segments to other target nucleic acid molecules by 
recombinational cloning. 

Figure 32 shows an example of a process of the invention by which 
nucleic acid molecules can be attached and removed from a support using 
recombinational reactions. In many embodiments (e.g., when beads are used 
in a single tube reaction), the first population of nucleic acid molecules will be 
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in excess {e.g., two, five, ten, fifteen, twenty, etc. fold excess) with respect to 
the second target molecule. 

Figure 33 shows another example of a process of the invention by 
which nucleic acid molecules can be attached and removed from a support 
using ^combinational reactions. Again, in many embodiments (e.g., when 
beads are used in a single tube reaction), the first population of nucleic acid 
molecules will be in excess (e.g., two, five, ten, fifteen, twenty, etc. fold 
excess) with respect to the second target molecule. 

Figure 34A-34D depictions the physical map (Figure 34A) and 
nucleotide sequence (Figures 34B-34D, SEQ ID NO:44) of the attB cloning 
vector pCMVSPORT6.0. 

Figure 35 shows another example of a process of the invention by 
which nucleic acid molecules that are attached to supports are released using 
recombinational reactions. Restriction endonuclease is abbreviated "RE". 
Streptavidin is abbreviated "SA". Origin of replication is abbreviated "ori". 
Kanamycin resistance marker is abbreviated "kan". Ampicillin resistance 
marker is abbreviated "amp". Terminal transferase is used to attach biotin to 
the vector, which has been linearized with the restriction endonuclease. 

Figure 36 shows yet another example of a process of the invention by 
which nucleic acid molecules that are attached to supports are released using 
recombinational reactions. Abbreviations are the same as above for Figure 35. 

Figure 37 shows an additional example of a process of the invention 
by which nucleic acid molecules that are attached to supports are released 
using recombinational reactions. Abbreviations are the same as above for 
Figure 35. Restriction endonucleases 3 and 4 are shown as restricting att? 
sites to generate atiL and attR sites. 

DETAILED DESCRIPTION OF THE INVENTION 

Definitions 

In the description that follows, a number of terms used in recombinant 
DNA technology are utilized extensively. In order to provide a clear and 
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consistent understanding of the specification and claims, including the scope 
to be given such terms, the following definitions are provided. 

By-product: As used herein, the term "By-product" refers to a 
daughter molecule (a new clone produced after the second recombination 
event during the recombinational cloning process) lacking the segment which 
is desired to be cloned or subcloned. 

Cointegrate: As used herein, the term "Cointegrate" refers to at least 
one recombination intermediate nucleic acid molecule of the present invention 
that contains both parental (starting) molecules. Cointegrates may be linear or 
circular. RNA and polypeptides may be expressed from Cointegrates using in 
vitro transcription and translation systems or an appropriate host cell strain, for 
example E. coli DB3.1 (particularly E. coli LIBRARY EFFICIENCY® 
DB3.1™ Competent Cells). Further, Cointegrates may be selected for using 
selection markers found on the Cointegrate molecule. Cointegrates may 
contain markers which allow for either in vitro or in vivo selection. 

Host: As used herein, the term "host" refers to any prokaryotic or 
eukaryotic organism that is a recipient of a replicable expression vector, 
cloning vector or any nucleic acid molecule. The nucleic acid molecule may 
contain, but is not limited to, a structural gene, a transcriptional regulatory 
sequence (such as a promoter, enhancer, repressor, and the like) and/or an 
origin of replication. As used herein, the terms "host," "host cell," 
"recombinant host" and "recombinant host cell" may be used interchangeably. 
For examples of such hosts, see Maniatis et aL, Molecular Cloning: A 
Laboratory Manual, Cold Spring Harbor Laboratory, Cold Spring Harbor, New 
York (1982). 

Insert(s): As used herein, the term "insert," which, for the most part, is 
used interchangeably with the plural term "inserts," refers to a nucleic acid 
segment or a population of nucleic acid segments (segment A of Figure (9) 
which may be manipulated by the methods of the present invention. While the 
sizes of inserts and nucleic acid molecules into which inserts are introduced 
may vary considerably and are not critical, in many instances, insert will be 
introduced into larger nucleic acid molecules (e.g., vectors, chromosomes, 
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etc.). For example, the nucleic acid segment labeled "cDNA" in Figure 2 and 
the nucleic acid segment labeled "Insert" in Figure 9 are nucleic acid inserts 
with respect to the larger nucleic acid molecules (i.e., vectors) into which they 
are introduced. In most instances, inserts will be flanked by recombination 
sites (e.g., at least one recombination site at each end). In certain 
embodiments, however, the insert will only contain a recombination site on 
one end. Further, the insert may be linear or circular. . 

Insert Donor: As used herein, the phrase "Insert Donor" refers to one 
of the two parental nucleic acid molecules (e.g., RNA or DNA) of the present 
invention which carries the insert. In most instances, ( the Insert Donor 
molecule comprises the insert flanked on both sides with recombination sites. 
The Insert Donor can be linear or circular. In one embodiment of the 
invention, the Insert Donor is a circular DNA molecule and further comprises 
nucleic acid of a cloning vector outside of the recombination signals (see 
Figure 9). When a population of inserts or population of nucleic acid 
segments are used to make Insert Donors, a population of Insert Donors results 
which may be used in accordance with the invention. Examples of such Insert 
Donor molecules include, but are not limited to, Gateway™ Entry Vectors, 
such as the Entry Vectors depicted in Figures 16A-16B, as well as other 
vectors comprising a gene of interest flanked by one or more attL sites (e.g., 
atfLl, attU2 t etc.) for the production of library clones. Insert Donork may be 
linear or circular and may contain one or more recombination site. 

Product: As used herein, the term "Product" refers to one of the 
desired daughter molecules comprising the A and D segments which is 
produced after the second recombination event during a recombinational 
cloning process (see lower portion of Figure 9). The Product contains the 
nucleic acid which was to be cloned or subcloned. In accordance with the 
invention, when a population of Insert Donors are used, the resulting 
population of Product molecules will contain either, all or a portion of the 
population of inserts of the Insert Donors. Further, the Insert Donors will 
generally contain a representative population of the original inserts of the 
Insert Donors. Product molecules may be linear or circular and may contain 
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one or more recombination site. 

Target Nucleic Acid Molecule: As used herein, the phrase "target 
nucleic acid molecule" refers to a nucleic acid molecule which is joined by 
recombination to a nucleic acid molecule of interest (e.g., a cDNA molecule of 
a library). Examples of target nucleic acid molecules include, but are not 
limited to, synthetic nucleic acid molecules, cDNAs, chromosomes, phage 
genomes, plasmids (e.g., Destination Vectors, Donor Plasmids, etc.), 
non-nucleic acid molecules containing one or more recombination sites, 
sub-portions of any of the above, etc. Target nucleic acid molecules will 
generally contain at least one (e.g., one, two, three, four, five, etc.) 
recombination site. 

Transcriptional Regulatory Sequence: As used herein, the phrase 
"transcriptional regulatory sequence" refers to a functional stretch of 
nucleotides contained on a nucleic acid molecule, in any configuration or 
geometry, that act to regulate the transcription of one or more (e.g., two, three, 
four, five, seven, ten, etc.) nucleic acid segments into (l)one or more 
messenger RNAs or (2) one or more untranslated RNAs. Examples of 
transcriptional regulatory sequences include, but are not limited to, promoters, 
internal ribosome entry sites (IRES), enhancers, repressors, and the like. 

Promoter: A promoter is an example of a transcriptional regulatory 
sequence. Promoters are nucleic acid are generally located in the 5-region of a 
gene, proximal to the start codon or nucleic acid which encodes untranslated 
RNA. The transcription of an adjacent nucleic acid segment is initiated at the 
promoter region. A repressible promoter's rate of transcription decreases in 
response to a repressing agent. An inducible promoter's rate of transcription 
increases in response to an inducing agent. A constitutive promoter's rate of 
transcription is not specifically regulated, though it can vary under the 
influence of general metabolic conditions. 

Protein which enhances the efficiency of recombination reactions: 
refers to a protein or peptide which either (1). increases the rate of a 
recombination reaction or (2) increases the amount of end product resulting 
from a recombination reaction. Examples of such proteins include Fis proteins 
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and Escherchia coli ribosomal proteins S10, S14, S15, S16, S17, S18, S19, 
S20, S21, L14, L21, L23, L24, L25, L27, L28, L29, L30, L31, L32, L33 and 
L34. Further examples are protein fragments (e.g., Fis protein fragments) 
which enhance the efficiency of one or more recombination reactions. 
5 Additional examples are proteins and protein fragments which bind to nucleic 

acid molecules that Fis binds to (e.g., nucleic acid molecules comprising the 
nucleotide sequence shown in SEQ ID NO:45 or SEQ ID NO:46) and enhance 
the efficiency of one or more recombination reactions. 

An amount effective for enhancing the efficiency of 

10 recombinational cloning: refers to amounts of proteins or protein fragments 

which enhance the efficiency of recombination reactions. Methods for 
determining such amounts are set out below in Example 9. In general, proteins 
or protein fragments which enhance the efficiency of recombination reactions 
will be included in amounts which result in measurable increases (e.g., 

15 increases of at least 5%, at least 10%, at least 15%, at least 20%, at least 25%, 

at least 30%, at least 35%, at least 50%, etc.) in the efficiency of one or more 
recombination reactions in comparison to recombination reactions performed 
in the absence of the proteins or protein fragments. One example of an assay 
which can be used to measure Fis activity, as well as whether a composition 

20 enhances the efficiency of recombination reactions, is the "Recombination 

assays" section set out below in Example 9. 

Ribosomal protein: is a protein, or a mutant or derivative thereof, that 
is a constituent of a subunit of a ribosome. According to the invention, the 
ribosome may be a prokaryotic or eukaryotic ribosome. One example of a 

25 ribosome is an E. coli ribosome, which comprises a 30S and a 50S subunit. 

Ribosomal protein fragment: is a fragment of a protein that is a 
constituent of a subunit of a ribosome. Generally, ribosomal protein fragments 
used in the practice of the invention will be functional fragments. By a 
"functional" fragment is meant a fragment of a native ribosomal protein, or a 

30 mutant or derivative of such a fragment, that has substantially the same 

biological activity as the corresponding native ribosomal protein in stimulating 
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one or more recombination reactions (e.g., a recombination reaction of the X 
Int recombination system). 

Purified: As used herein, the term purified means that the molecule 
which is subjected to purification has been separated from at least some 
surrounding contaminants (e.g., protein, nucleic acids, carbohydrates, etc.). 
Thus, the term purified is a relative term, with respect to the amount of 
surrounding contaminants both before and after a desired molecule is 
subjected to a purification process. Generally, salts, water, buffers and the like 
are not considered to be contaminants for the purposes of this definition. 
Thus, the removal of salt from a desired nucleic acid using, for example, a 
desalting column does not result in purification of the nucleic acid molecule. 
The term "substantially purified", as used herein, refers to the removal of at 
least 90% of original contaminants from the molecules subjected to a 
purification process. 

Recognition Sequence: As used herein, the phrase "recognition 
sequence" refers to a particular sequence to which a protein, chemical 
compound, DNA, or RNA molecule (e.g., restriction endonuclease, a 
modification methylase, or a recombinase) recognizes and binds. In the 
present invention, a recognition sequence will usually refer to a recombination 
site. For example, the recognition sequence for Cre recombinase is loxP which 
is a 34 base pair sequence comprising two 13 base pair inverted repeats 
(serving as the recombinase binding sites) flanking an 8 base pair core 
sequence. (See Figure 1 of Sauer, B., Current Opinion in Biotechnology 
5:521-527 (1994).) Other examples of recognition sequences are the a#B, 
attP, attL, and attR sequences which are recognized by the recombinase 
enzyme X Integrase. AtfB is an approximately 25 base pair sequence 
containing two 9 base pair core-type Iht binding sites and a 7 base pair overlap 
region, AttP is an approximately 240 base pair sequence containing core-type 
Int binding sites and arm-type Int binding sites as well as sites for auxiliary 
proteins integration host factor QHF), Fis, and excisionase (Xis). (See Landy, 
Current Opinion in Biotechnology 3:699-707 (1993).) Such sites may also be 
engineered according to the present invention to enhance production of 
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products in the methods of the invention. For example, when such engineered 
sites lack the PI or HI domains to make the recombination reactions 
irreversible (e.g., attR or attP), such sites may be designated attR or attF to 
show that the domains of these sites have been modified in some way. 
5 Recombination Proteins: As used herein, the phrase "recombination 

proteins" includes excisive or integrative proteins, enzymes, co-factors or 
associated proteins that are involved in recombination reactions involving one 
or more recombination sites (e.g., two, three, four, five, seven, ten, twelve, 
fifteen, twenty, thirty, fifty, etc.), which may be wild-type proteins (see Landy, 

10 Current Opinion in Biotechnology 3:699-707 (1993)), or mutants, derivatives 

(e.g., fusion proteins containing the recombination protein sequences or 
fragments thereof), fragments, and variants thereof. Examples of 
recombination proteins include Cre, Int, IHF, Xis, Flp, Fis, Hin, Gin, <j)C31, 
Cin, Tn3 resolvase, TndX, XerC, XerD, Tn7, TnpX, Hjc, Gin, SpCCEl, and 

15 ParA, Additional examples of recombination proteins also include Vibrio 

fischeri super-integron InVfi site-specific recombinase IntIA (intIA) (see, e.g., 
GenBank Accession No. AY0 14400), Xanihomonas ccmxpestris pv. ccmipestris 
super-integron InXca site-specific recombinase IntIA (intIA) (see, e.g.* 
GenBank Accession No. AF324483), Salmonella typhimurium recombinase, 

20 transposase (tnpA) (see, e.g., GenBank Accession No. AF1 17344), 

Bacteriophage mv4 ORFI2, recombinase (int) (see, e.g., GenBank Accession 
No. U15564), Neisseria gonorrhoeae site-specific recombinase (gcr) (see, e.g., 
GenBank Accession No. U82253), Clostridium perfringens transposon 
Tn4451 site-specific recombinase (tnpX) (see, e.g., GenBank Accession No. 

25 U15027), Bacillus thuringiensis rnorrisoni EG2158 transposon Tn5401 site- 

specific recombinase (tnpl) (see, e.g., GenBank Accession No. U03554), and 
Anabaena sp. developmentally-regulated site specific recombinase (xisF) (see, 
e.g., GenBank Accession No. L23220). 

Recombination Site: As used herein, the phrase "recombination site" 

30 refers to a recognition sequence on a nucleic acid molecule which participates 

in an integration/recombination reaction by recombination proteins. 
Recombination sites are discrete sections or segments of nucleic acid on the 
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participating nucleic acid molecules that are recognized and bound by a 
site-specific recombination protein during the initial stages of integration or 
recombination. For example, the recombination site for Cre recombinase is 
loxP which is a 34 base pair sequence comprised of two 13 base pair inverted 
repeats (serving as the recombinase binding sites) flanking an 8 base pair core 
sequence. (See Figure 1 of Sauer, B., Curr. Opin. Biotech. 5:521-527 (1994).) 
Other examples of recognition sequences include the attB, atfP, attL, and attR 
sequences described herein, and mutants, fragments, variants and derivatives 
thereof, which are recognized by the recombination protein k Int and by the 
auxiliary proteins integration host factor (IHF), Fis and excisionase (Xis). (See 
Landy, Curr. Opin. Biotech. 5:699-707 (1993).) 

Recombination sites may be added to molecules by any number of 
known methods. For example, recombination sites can be added to nucleic 
acid molecules by blunt end ligation, PCR performed with fully or partially 
random primers, inserting the nucleic acid molecules into an vector using a 
restriction site which flanked by recombination sites or by the use of 
topoisomerase cloning (see Shuman, /. Biol Cherru 2(59:32678-32684 (1994)), 
which describes molecular cloning and polynucleotide synthesis using 
Vaccinia DNA topoisomerase; see also Ihvitrogen 2001 Catalog, pages 6-12 
(Invitrogen Corp., Carlsbad, CA)). 

Recombinational Cloning: As used herein, the phrase 
"recombinational cloning" refers to a method described herein, whereby 
segments of nucleic acid molecules or populations of such molecules are 
exchanged, inserted, replaced, substituted or modified, in vitro or in vivo. By 
"m vitro" and "in vivo" herein is meant recombinational cloning that is carried 
out outside of host cells (e.g., in cell-free systems) or inside of host cells (e.g., 
using recombination proteins expressed by host cells), respectively. 

Repression Cassette: As used herein, the phrase "repression cassette" 
refers to a nucleic acid segment that contains a repressor or a selectable marker 
present in the subcloning vector. 

Selectable Marker: As used herein, the phrase "selectable marker" 
refers to a nucleic acid segment that allows one to select for or against a 
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molecule (e.g., a replicon) or a cell that contains it, often under particular 
conditions. These markers can encode an activity, such as, but not limited to, 
production of RNA, peptide, or protein, or can provide a binding site for RNA, 
peptides, proteins, inorganic and organic compounds or compositions and the 
like. Examples of selectable markers include but are not limited to: (1) nucleic 
acid segments that encode products which provide resistance against otherwise 
toxic compounds (e.g., antibiotics such as ampicillin, tetracycline, kanamycin, 
neomycin, hygromycin, zeocin, blastomycin, phleomycin, and G-418); (2) 
nucleic acid segments that encode products which are otherwise lacking in the 
recipient cell (e.g., tRNA genes, auxotrophic markers); (3) nucleic acid 
segments that encode products which suppress the activity of a gene product; 
(4) nucleic acid segments that encode products which can be readily identified 
(e.g., phenotypic markers such as (B-galactosidase, green fluorescent protein 
(GEP), yellow fluorescent protein (YFP), red fluorescent protein (REP), cyan 
fluorescent protein (CFP), cell surface proteins, and receptor proteins and 
other cell surface markers); (5) nucleic acid segments that bind products which 
are otherwise detrimental to cell survival and/or function; (6) nucleic acid 
segments that otherwise inhibit the activity of any of the nucleic acid segments 
described in Nos. 1-5 above (e.g., antisense oligonucleotides); (7) nucleic acid 
segments that bind products that modify a substrate (e.g., restriction 
endonucleases); (8) nucleic acid segments that can be used to isolate or 
identify a desired molecule (e.g., specific protein binding sites); (9) nucleic 
acid segments that encode a specific nucleotide sequence which can be 
otherwise non-functional (e.g., for PCR amplification of subpopulations of 
molecules); (10) nucleic acid segments, which when absent, directly or 
indirectly confer resistance or sensitivity to particular compounds; and/or (11) 
nucleic acid segments that encode products which either are toxic (e.g., 
Diphtheria toxin) or convert a relatively non-toxic compound to a toxic 
compound (e.g., Herpes simplex thymidine kinase, cytosine deaminase) in 
recipient cells; (12) nucleic acid segments that inhibit replication, partition or 
heritability of nucleic acid molecules that contain them; and/or (13) nucleic 
acid segments that encode conditional replication functions, e.g., replication in 
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certain hosts or host cell strains or under certain environmental conditions 
(e.g., temperature, nutritional conditions, etc.). 

Thus, the phrase "selectable marker" also includes nucleic acid 
segments which can be used to identify cells having particular characteristics 
that are not necessarily associated with cell viability (e.g., phenotypic markers 
such as (B-galactosidase, green fluorescent protein (GFP), yellow fluorescent 
protein (YFP), red fluorescent protein (RFP), cyan fluorescent protein (CFP), 
and cell surface proteins). 

Further, selection can occur in vitro or in vivo. In vitro selection can be 
used to select for or identify nucleic acid molecules having particular 
properties, features, or activities (e.g., bind to particular proteins, encoding 
proteins with particular properties, features, or activities). In vivo selection 
can be performed using any number of organisms including bacteria, fungi, 
plants, and animals. When metazoan organisms are used in selection 
processes, selection can be based on phenotypic expression exhibited by 
particular cells of the organisms (e.g., cells of an organ) or all of the cells of 
the organism. 

Selection Scheme: As used herein, the phrase "selection scheme" 
refers to any method which allows selection, enrichment, or identification of a 
desired nucleic acid molecules or host cells contacting them (in particular 
Product or Produces) from a mixture containing an Entry Clone or Vector, a 
Destination Vector, a Donor Vector, an Expression Clone or Vector, any 
intermediates (e.g., a Cointegrate or a replicon), and/or By-products). In one 
aspect, selection schemes of the invention rely on one or more selectable 
markers. The selection schemes of some embodiments have at least two 
components that are either linked or unlinked during recombinational cloning. 
One component is a selectable marker. The other component controls the 
expression in vitro or in vivo of the selectable marker, or survival of the cell 
(or the nucleic acid molecule, e.g., a replicon) harboring the plasmid carrying 
the selectable marker. Generally, this controlling element will be a repressor 
or inducer of the selectable marker, but other means for controlling expression 
or activity of the selectable marker can be used. Whether a repressor or 
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activator is used will depend on whether the marker is for a positive or 
negative selection, and the exact arrangement of the various nucleic acid 
segments, as will be readily apparent to those skilled in the art. In some 
embodiments, the selection scheme results in selection of or enrichment for 
5 only one or more desired nucleic acid molecules (such as Products). As 

defined herein, selecting for a nucleic acid molecule includes (a) selecting or 
enriching for the presence of the desired nucleic acid molecule (referred to as a 
"positive selection scheme"), and (b) selecting or enriching against the 
presence of nucleic acid molecules that are not the desired nucleic acid 

10 molecule (referred to as a "negative selection scheme"). 

In one embodiment, the selection schemes (which can be carried out in 
reverse) will take one of three forms, which will be discussed in terms of 
Figure 9. The first, exemplified herein with a selectable marker and a 
repressor therefore, selects for molecules having segment D and lacking 

15 segment C. The second selects against molecules having segment C and for 

molecules having segment D. Possible embodiments of the second form 
would have a nucleic acid segment carrying a gene toxic to cells into which the 
in vitro reaction products are to be introduced. A toxic gene can be a nucleic 
acid that is expressed as a toxic gene product (a toxic protein or RNA), or can 

20 be toxic in and of itself. (In the latter case, the toxic gene is understood to 

carry its classical definition of "heritable trait".) 

Examples of such toxic gene products are well known in the art, and 
include, but are not limited to, apoptosis-related genes (e.g., ASK1 or 
members of the bcl-2fced-9 family); retroviral genes; including those of the 

25 human immunodeficiency virus (HIV); defensins such as NP-1; inverted 

repeats or paired palindromic nucleic acid sequences; bacteriophage lytic 
genes such as those from 0X174 or bacteriophage T4; genes which confer 
metabolite sensitivity such as sacB\ antibiotic sensitivity genes such as rpsL; 
antimicrobial sensitivity genes such as pheS; plasmid killer genes; eukaryotic 

30 transcriptional vector genes that produce a gene product toxic to bacteria, such 

as GATA-1; genes that kill hosts in the absence of a suppressing function, e.g., 
fcicB, ccdB, ((>X174 E (Liu, Q. et aZ., Curr. Biol 5:1300-1309 (1998)); and 
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other genes that negatively affect replicon stability and/or replication. A toxic 
gene can alternatively be selectable in vitro, e.g., a restriction site. 

In the second form, segment D carries a selectable marker. The toxic 
gene would eliminate transfonnants harboring the Vector Donor, Cointegrate, 
and Byproduct molecules, while the selectable marker can be used to select for 
cells containing the Product and against cells harboring only the Insert Donor. 

The third form selects for cells that have both segments A and D in cis 
on the same molecule, but not for cells that have both segments in trans on 
different molecules. This could be embodied by a selectable marker that is 
split into two inactive fragments, one each on segments A and D. 

The fragments are so arranged relative to the recombination sites that 
when the segments are brought together by the recombination event, they 
reconstitute a functional selectable marker. For example, the recombinational 
event can link a promoter with a structural nucleic acid molecule (e.g., a gene), 
can link two fragments of a structural nucleic acid molecule, or can link 
nucleic acid molecules that encode a heterodimeric gene product needed for 
survival, or can link portions of a replicon. 

The phrase "selection scheme" also includes methods for screening 
cells to identify cells having particular characteristics that are not necessarily 
associated with cell viability (e.g., phenotypic markers such as 
(8-galactosidase, green fluorescent protein (GFP), yellow fluorescent protein 
(YFP), red fluorescent protein (RFP), cyan fluorescent protein (CFP), and cell 
surface proteins). Once such cells have been identified, they may be separated 
from other cells in a population. Methods which may be used to identify cells 
having particular characteristics that are not necessarily associated with cell 
viability include fluorescent detection methods (e.g., FACS cell sorting). 

In vitro selection of nucleic acid molecules can be accomplished by any 
number of means. One example of such a means is by amplification of 
molecules which hybridize to primers having specified sequences. 

Site-Specific Recombinase: As used herein, the phrase "site-specific 
recombinase" refers to a type of recombinase which typically has at least the 
following four activities (or combinations thereof): (1) recognition of specific 
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nucleic acid sequences; (2) cleavage of these sequences; (3) 
topoisomerase-like or transferase activity involved in strand exchange; and (4) 
ligase activity to reseal the cleaved strands of nucleic acid. (See Sauer, B., 
Current Opinions in Biotechnology 5:521-527 (1994).) The strand exchange 
mechanism involves the cleavage and rejoining of specific nucleic acid 
sequences in the absence of DNA synthesis (Landy, A. (1989) Ann. Rev. 
Biochem. 55:913-949). 

Homologous Recombination: As used herein, the phrase 
"homologous recombination" refers to the process in which nucleic acid 
molecules with similar nucleotide sequences associate and exchange 
nucleotide strands. A nucleotide sequence of a first nucleic acid molecule 
which is effective for engaging in homologous recombination at a predefined 
position of a second nucleic acid molecule will therefore have a nucleotide 
sequence which facilitates the exchange of nucleotide strands between the first 
nucleic acid molecule and a defined position of the second nucleic acid 
molecule. Thus, the first nucleic acid will generally have a nucleotide 
sequence which is sufficiently complementary to a portion of the second 
nucleic acid molecule to promote nucleotide base pairing. 

Homologous recombination requires homologous sequences in the two 
recombining partner nucleic acids but does not require any specific sequences. 
As indicated above, site-specific recombination which occurs, for example, at 
recombination sites such as att sites, is not considered to be "homologous 
recombination," as the phrase is used herein. However, homologous 
recombination may be used to introduce one or more recombination sites into 
nucleic acid molecules. Further, due to sequence similarity, nucleic acid 
molecules which contain recombination sites may undergo homologous 
recombination. 

Subcloning Vector: As used herein, the phrase "subcloning vector" 
refers to a cloning vector comprising a circular or linear nucleic acid molecule 
which normally includes an appropriate replicon. In the present invention, the 
subcloning vector (segment D in Figure 9) can also contain functional and/or 
regulatory elements that are desired to be incorporated into the final product to 
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act upon or with the cloned DNA Insert (segment A in Figure 9). The 
subcloning vector can also contain a selectable marker and/or may be a nucleic 
acid segment having a particular property feature, or activity (e.g., promoter 
activity, hybridizes with another nucleic acid segment, etc.). 
5 Vector: As used herein, the term "vector" refers to a nucleic acid 

molecule (e.g., DNA) that provides a useful biological or biochemical property 
to an insert. Examples include plasmids, viruses, phages, autonomously 
replicating sequences (ARS), centromeres, and other sequences which are able 
to replicate or be replicated in vitro or in a host cell, or to convey a desired 

10 nucleic acid segment to a desired location within a host cell (e.g., by retroviral 

integration). A vector can have one or more restriction endonuclease 
recognition sites or recombination sites at which the sequences can be cut in a 
determinable fashion without loss of an essential biological function of the 
vector, and into which a nucleic acid fragment can be spliced in order to bring 

15 about its replication and cloning. Vectors can further provide primer sites, 

e.g., for PCR, transcriptional and/or translation^ initiation and/or regulation 
sites, recombinational signals, replicons, selectable markers, etc. Thus, 
methods of inserting a desired nucleic acid fragment which do not require the 
use of homologous recombination, transpositions or restriction enzymes (such 

20 as, but not limited to, UDG cloning of PGR fragments (U.S. Patent No. 

5,334,575, entirely incorporated herein by reference), T:A cloning, and the 
like) can also be applied to clone a fragment into a cloning vector to be used 
according to the present invention. The cloning vector can further contain one 
or more selectable markers suitable for use in the identification of cells 

25 transformed with the cloning vector. 

Vector Donor: As used herein, the phrase "Vector Donor" refers to 
one of the two parental nucleic acid molecules (e.g., RNA or DNA) which 
carries the nucleic acid segments comprising the nucleic acid vector which is 
to become part of the desired Product(s). The Vector Donor comprises a 

30 subcloning vector D (or it can be called the cloning vector if the Insert Donor 

does not already contain a cloning vector) and a segment C flanked by 
recombination sites (see Figure 9). Segments C and/or D can contain elements 
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which contribute to selection for the desired Product daughter molecule, as 
described above for selection schemes. The recombination signals can be the 
same or different, and can be acted upon by the same or different 
recombinases. In addition, the Vector Donor can be linear or circular. 
Examples of such Vector Donor molecules include Gateway™ Destination 
Vectors, which include but are not limited to the Destination Vectors such as 
that depicted in Figures 17A-17D. 

Vector Donors, as well as other vectors of the invention, may contain 
one or more elements derived from adenoviruses, retroviruses, baculoviruses, 
alphaviruses, lentiviruses, bacteria, or eukaryotic cells {e.g., yeast cells, plants 
cells animal cells). Examples of such elements include promoters, packaging 
signals, coding regions, and nucleic acid which allows for integration into host 
cell chromosomes. Vector Donors, as well as other vectors of the invention, 
may be linear or circular. 

Primer: As used herein, the term "primer" refers to a single stranded 
or double stranded oligonucleotide that is extended by covalent bonding of 
nucleotide monomers during amplification or polymerization of a nucleic acid 
molecule {e.g., a DNA molecule). In one aspect, the primer may be a 
sequencing primer (for example, a universal sequencing primer). In another 
aspect, the primer may comprise a recombination site or portion thereof. 
Portions of recombination sites comprise at least 2 bases (or base pairs), at 
least 5-200 bases, at least 10-100 bases, at least 15-75 bases, at least 15-50 
bases, at least 15-25 bases, or at least 16-25 bases, of the recombination sites 
of interest. When using primers comprising portions of recombination sites, 
the missing portion of the recombination site may be provided as a template by 
the newly synthesized nucleic acid molecule. Such recombination sites may 
be located within and/or at one or both termini of the primer. In many 
instances, additional sequences are added to the primer adjacent to the 
recombination site(s) to enhance or improve recombination and/or to stabilize 
the recombination site during recombination. Such stabilization sequences 
may be any sequences {e.g., G/C rich sequences) of any length. Such 
sequences may have a wide range of sizes, such as from about 3 to about 1000 
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bases, from about 3 to about 500 bases, from about 3 to about 100 bases, from 
about 3 to about 60 bases, from about 3 to about 25, from about 3 to about 10, 
from about 3 to about 10, and from about 3 to about 4 bases. 

Template: As used herein, the term "template" refers to a double 
stranded or single stranded nucleic acid molecule which is to be amplified, 
synthesized or sequenced. In the case of a double-stranded DNA molecule, 
denaturation of its strands to form a first and a second strand can occur before 
these molecules may be amplified, synthesized or sequenced, or the double 
stranded molecule may be used directly as a template. For single stranded 
templates, a primer complementary to at least a portion of the template 
hybridizes under appropriate conditions and one or more polypeptides having 
polymerase activity (e.g., two, three, four, five, or seven DNA polymerases 
and/or reverse transcriptases) may then synthesize a molecule complementary 
to all or a portion of the template. Alternatively, for double stranded 
templates, one or more transcriptional regulatory sequences (e.g., two, three, 
four, five, seven or more promoters) may be used in combination with one or 
more polymerases to make nucleic acid molecules complementary to all or a 
portion of the template. The newly synthesized molecule, according to the 
invention, may be of equal or shorter length compared to the original template. 
Mismatch incorporation or strand slippage during the synthesis or extension of 
the newly synthesized molecule may result in one or a number of mismatched 
base pairs. Thus, the synthesized molecule need not be exactly complementary 
to the template. Additionally, a population of nucleic acid templates may be 
used during synthesis or amplification to produce a population of nucleic acid 
molecules typically representative of the original template population. 

Adapter: As used herein, the term "adapter" refers to an 
oligonucleotide or nucleic acid fragment or segment (e.g., DNA) which 
comprises one or more recombination sites (or portions of such recombination 
sites) which in accordance with the invention can be added to a circular or 
linear Insert Donor molecule, as well as other nucleic acid molecules described 
herein. When using portions of recombination sites, the missing portion may 
be provided by the Insert Donor molecule. Such adapters may be added at any 
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location within a circular or linear molecule, although the adapters may be 
added at or near one or both termini of a linear molecule. Further, adapters 
may be positioned to be located on both sides (flanking) a particular nucleic 
acid molecule of interest. In accordance with the invention, adapters may be 
added to nucleic acid molecules of interest by standard recombinant techniques 
(e.g., restriction digest and ligation). For example, adapters may be added to a 
circular molecule by first digesting the molecule with an appropriate restriction 
enzyme, adding the adapter at the cleavage site and reforming the circular 
molecule which contains the adapter(s) at the site of cleavage. In other 
aspects, adapters may be added by homologous recombination, by integration 
of RNA molecules, and the like. Alternatively, adapters may be ligated 
directly to one, more and/or both termini of a linear molecule thereby resulting 
in linear molecule(s) having adapters at one or both termini. In one aspect of 
the invention, adapters may be added to a population of linear molecules (e.g., 
a cDNA library or genomic DNA which has been cleaved or digested) to form 
a population of linear molecules containing adapters at one or both termini of 
all or substantial portion of said population. 

Adapter-Primer: As used herein, the phrase "adapter-primer" refers 
to primer molecule which comprises one or more recombination sites (or 
portions of such recombination sites) which in accordance with the invention 
can be added to a circular or linear nucleic acid molecule described herein. 
When using portions of recombination sites, the missing portion may be 
provided by a nucleic acid molecule (e.g., an adapter) of the invention. Such 
adapter-primers may be added at any location within a circular or linear 
molecule, although the adapter-primers may be added at or near one or both 
termini of a linear molecule. Adapter-primers may be used to add one or more 
recombination sites or portions thereof to circular or linear nucleic acid 
molecules in a variety of contexts and by a variety of techniques, including but 
not limited to amplification (e.g., PCR), ligation (e.g., enzymatic or 
chemical/synthetic ligation), recombination (e.g., homologous or non- 
homologous (illegitimate) recombination) and the like. 

Library: As used herein, the term "library" refers to a collection of 
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nucleic acid molecules (circular or linear) which differ in nucleotide sequence 
(e.g., a population of nucleic acid molecules in which at least 75, 85, 96, 100, 
192, 288, 384, 480, 500, 576, 672, 768, 864, 960, 1,000, 1056, 1152, 1248, 
1344, 1440, 1536, 1632, 1728, 1824, 2,000, 3,000, 5,000, 10,000, 15,000, 
20,000, 30,000, 50,000, 70,000, 80,000, etc. of the individual nucleic acid 
molecules comprise different sequences and share no regions of sequence 
identify which are greater than 100 nucleotides). In one embodiment, a library 
is representative of all or a portion or a significant portion of the nucleic acid 
content of an organism (a "genomic" library), or a set of nucleic acid 
molecules representative of all, a portion or a significant portion (e.g., about 
50%, about 60%, about 70%, about 80%, about 90%, about 95%, etc.) of the 
expressed nucleic acid molecules (a cDNA library or segments derived 
therefrom) in a cell, tissue, organ or organism. A library may also comprise 
nucleic acid molecules having random sequences made by de novo synthesis, 
mutagenesis of one or more nucleic acid molecules, and the like. Such 
libraries may or may not be contained in one vector or two or more (e.g., two, 
three, four, five, seven, ten, twelve, fifteen, twenty, thirty, fifty, etc.) different 
vectors. Libraries used in the practice of the invention may be normalized 
libraries. Further, these libraries may comprise molecules which are linear or 
circular. 

In addition, libraries of the invention may comprise (1) multiple 
nucleic acid molecules which differ in sequence but are not vectors (e.g., 
cDNA molecules, genomic DNA molecules, synthetic nucleic acid molecules), 
which may or may not be inserted into a vector, or (2) multiple vectors which 
differ in nucleotide sequence, which may or may not contain one or a small 
number (e.g., two, three, four, etc.) of nucleic acid molecules but are not 
vectors. 

Normalized Libraries: As used herein, the phrase "normalized 
libraries" refers to libraries where the number of nucleic acid molecules 
originally present in relatively high/higher copy numbers are reduced with 
respect to the number of nucleic acid molecules which are present in 
low/lower copy numbers. Normalization of libraries is often done to reduce 
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the number of cDNA molecules in a library which represent highly expressed 
genes. In other words, libraries are often normalized to reduce the number of 
nucleic acid molecules which represent abundant RNAs. Methods for 
preparing normalized libraries are known in the art and are described, for 
example, in U.S. Patent Nos. 6,001,574, 5,637,685, 5,846,721, and 5,763,239, 
the entire disclosures of which are incorporated herein by reference. 

One methods for normalizing libraries is described in Patanjali et al, 
Proc. Natl Acad Set USA 55:1943-1947 (1991) (the entire disclosure of 
which is incorporated herein by reference). This method employs a kinetic 
approach to construct cDNA libraries containing roughly equal representations 
of all molecules in a preparation of poly(A)+ RNA. According to this method, 
randomly primed cDNA fragments of a selected size range are cloned in a 
vector, inserts are then amplified by PCR, denatured, and self-annealed under 
optimized conditions. Upon extensive but incomplete reannealing, single- 
stranded fractions become depleted of more abundant species of cDNA. 

Rubenstein et al, Nucleic Acids Res. 75:4833-4842 (1990) (the entire 
disclosure of which is incorporated herein by reference), for example, 
describes a subtractive hybridization protocol which permits subtractions 
between cDNA libraries. The method uses single-stranded phagemids with 
directional inserts as both the driver and the target. Using a model system, 
Rubenstein et al found that one round of subtractive hybridization resulted in 
a 5,000-fold specific subtraction of abundant molecules. A number of similar 
processes are also known in the art. Subtractive hybridization may be used to 
normalize libraries of the invention. 

"Normalized" libraries may also be generated by the introduction of 
mutations in a fixed number of nucleic acid molecules (e.g., one, two, three, 
four, five, ten, twenty, etc.). For example, a normalized library may be 
generated by the introduction of random mutations in one nucleic acid 
molecule. Upon amplification after completion of mutagenesis, the individual 
mutagenized nucleic acid molecules should be represented in roughly equal 
proportions. Further, mutations may be introduced into only part of one or 
more nucleic acid molecules. For example, random mutations may be 
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introduced into a region of a nucleic acid molecule which encodes a domain of 
a protein. Such a normalized libraries may be normalized with respect to 
sequences represented by the mutagenized portion of the nucleic acid 
molecule. 

Amplification: Depending on the context, as used herein, the term 
"amplification" refers to any in vitro method for increasing the number of 
copies of a nucleic acid with the use of a polymerase. Nucleic acid 
amplification results in the incorporation of nucleotides into a DNA and/or 
RNA molecule or primer thereby forming a new molecule complementary to a 
template. The formed nucleic acid molecule and its template can be used as 
templates to synthesize additional nucleic acid molecules. As used herein, one 
amplification reaction may consist of many rounds of replication. DNA 
amplification reactions include, for example, polymerase chain reaction 
(PCR), ligase chain reaction, and rolling circle amplification. (See PCT 
Publication Nos. WO 93/00447 and WO 00/15779, the entire disclosures of 
which are incorporated herein by reference.) Further, one PCR reaction may 
consist of 5-100 "cycles" of denaturation and synthesis of a DNA molecule. 

The term "amplification" can also refer to the production of nucleic 
acid molecules in vivo, which often occurs after introduction into a cell. Thus, 
a plasmid, for example, may be amplified by transformation of cells in which 
the plasmid is capable of replicating. These cells may then be cultured and the 
"amplified" plasmid can then be isolated 

Oligonucleotide: As used herein, the term "oligonucleotide" refers to 
refers to a synthetic or natural molecule comprising a covalently linked 
sequence of nucleotides which are joined by a phosphodiester bond between 
the 3' position of the deoxyribose or ribose of one nucleotide and the 5* 
position of the deoxyribose or ribose of the adjacent nucleotide. This term 
may be used interchangeably herein with the terms "nucleic acid molecule" 
and "polynucleotide " without any of these terms necessarily indicating any 
particular length of the nucleic acid molecule to which the term specifically 
refers. 

Nucleotide: As used herein, the term "nucleotide" refers to refers to a 
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base-sugar-phosphate combination. Nucleotides are monomeric units of a 
nucleic acid molecule (DNA and RNA). The term nucleotide includes 
ribonucleoside triphosphates ATP, UTP, CTG, GTP and deoxyribonucleoside 
triphosphates such as dATP, dCTP, dTTP, dUTP, dGTP, dTTP, or derivatives 
thereof. Such derivatives include, for example, [yS]dATP, 7-deaza-dGTP and 
7-deaza-dATP. The term nucleotide as used herein also refers to 
dideoxyribonucleoside triphosphates (ddNTPs) and their derivatives. 
Illustrated examples of dideoxyribonucleoside triphosphates include, but are 
not limited to, ddATP, ddCTP, ddGTP, ddTTP, and ddTTP. According to the 
present invention, a "nucleotide" may be unlabeled or detectably labeled by 
well known techniques. Detectable labels include, for example, radioactive 
isotopes, fluorescent labels, chemiluminescent labels, bioluminescent labels 
and enzyme labels. 

Hybridization: As used herein, the terms "hybridization" and 
"hybridizing" refer to base pairing of two complementary single-stranded 
nucleic acid molecules (RNA and/or DNA) to give a double stranded 
molecule. As used herein, two nucleic acid molecules may hybridize, although 
the base pairing is not completely complementary. Accordingly, mismatched 
bases do not prevent hybridization of two nucleic acid molecules provided that 
appropriate conditions, well known in the art, are used. In some aspects, 
hybridization is said to be under "stringent conditions." By "stringent 
conditions," as the phrase is used herein, is meant overnight incubation at 42°C 
in a solution comprising: 50% formamide, 5x SSC (750 mM NaCl, 75 mM 
trisodium citrate), 50 mM sodium phosphate (pH 7.6), 5x Denhardt's solution, 
10% dextran sulfate, and 20 jtig/ml denatured, sheared salmon sperm DNA, 
followed by washing the filters in 0.1 x SSC at about 65°C. 

Other terms used in the fields of recombinant DNA technology and 
molecular and cell biology as used herein will be generally understood by one 
of ordinary skill in the applicable arts. 

Overview 

In one general aspect, the invention relates to methods for inserting one 
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or more (e.g., one, two, three, four, five, six, seven, eight, nine, ten, fifteen, 
twenty, thirty, fifty, one hundred, five hundred, one thousand, two thousand, 
five thousand, ten thousand, twenty thousand, fifty thousand, one hundred 
thousand, etc.) nucleic acid molecules into one or more other nucleic acid 
molecules (e.g., a "target nucleic acid molecule"), methods for transferring one 
or more nucleic acid molecules which reside in a first nucleic acid molecule 
(e.g., a "target nucleic acid molecule") into a second nucleic acid molecule 
(e.g., a "target nucleic acid molecule"), and selection and/or screening methods 
for identifying nucleic acids and proteins having particular properties, features, 
activities, and/or characteristics. In many embodiments, methods of the 
invention involve the use and/or transfer of populations of nucleic acid 
molecules (e.g., cDNA libraries). The invention further relates to populations 
of nucleic acid molecules prepared by methods of the invention and individual 
nucleic acid molecules prepared and/or isolated by methods of the invention. 

The invention further relates, in part, to methods for inserting nucleic 
acid molecules into one or more target nucleic acid molecules (e.g., vectors, 
chromosomes, etc.), methods for transferring nucleic acid molecules between 
target nucleic acid molecules, and screening and selection methods for 
identifying nucleic acid molecules and proteins. having particular features, 
activities, characteristics and/or properties. 

In addition, the invention relates, in part, to methods and compositions 
for the identification and/or isolation of one or more populations or 
subpopulations of nucleic acid molecules. In specific embodiments, methods 
and compositions of the invention employ recombinational cloning systems, 
such as the Gateway™ Cloning System described in detail in U.S. Patent No. 
5,888,732; PCT Publication No. WO 00/52027; U.S. Application No. 
09/177,387, filed October 23, 1998; U.S. Application No. 09/438,358, filed 
November 12, 1999; U.S. Application No. 09/517,466, filed March 2, 2000, 
and U.S. Appl. No. 09/732,914, filed December 11, 2000 (the disclosures of 
all of which are incorporated herein by reference in their entireties) to rapidly 
and efficient (1) transfer nucleic acid molecules (e.g., cDNA molecules) from 
a nucleic acid molecule (e.g., vector) in which they are contained into a target 
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nucleic acid molecule or (2) insert nucleic acid molecules {e.g., cDNA 
molecules) into a target nucleic acid molecule. Since different target nucleic 
acid molecules provide different properties, features, or activities to nucleic 
acid molecules which are inserted into them (and vice versa), populations and 
subpopulations of nucleic acid molecules can be selected for based on these 
different properties, features, or activities in a reiterative {e.g., sequential) 
manner using methods of the invention. 

In one specific aspect, the invention is directed to methods for 
transferring populations of nucleic acid molecules between target nucleic acid 
molecules. In particular, populations of nucleic acid molecules are transferred 
from one target nucleic acid molecule to another target nucleic acid molecule 
using at least one {e.g., one, two, three, four, five, etc.) recombination reaction. 
Further, the populations of nucleic acid molecules which are transferred 
between target nucleic acid molecules will generally contain at least one (e.g., 
one, two, three, four, five, etc.) recombination site generally located at at least 
one terminus of the individual members of the population. In addition, 
populations of nucleic acid molecules which are transferred between target 
nucleic acid molecules may contain two recombination sites, one located at 
each end of the individual members of the population. The invention further 
includes populations of nucleic acid molecules produced by methods of the 
invention, as well as individual members of these populations. 

In specific embodiments, the invention is directed to methods for 
improving the efficiency of processes for transferring nucleic acid molecules 
(e.g., the nucleic acid molecules of a cDNA or genomic library) which reside 
in a first nucleic acid molecule {e.g., a vector, a chromosome, etc.) into a target 
nucleic acid molecule. As one skilled in the art would recognize, how the 
efficiency of transfer is determined depends on the conditions of the specific 
transfer process. For example, transfer efficiency may be quite different when 
comparing the percentage of an initial population of nucleic acid molecules 
{e.g., cDNA molecules) which are inserted into a first target molecules, as 
compared to the efficiency of transfer of insert between target molecules or the 
efficiency of transfer of one insert between populations of different vector 
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molecules. 

Thus, in one aspect, the invention provides methods for transferring 
nucleic acid molecules of a population of nucleic acid molecules into a first 
target nucleic acid molecule (e.g., a vector, a chromosome, etc.) such that a 
substantial percentage (e.g., greater than about 10%, greater than about 20%, 
greater than about 30%, greater than about 40%, greater than about 50%, 
greater than about 60%, greater than about 70%, greater than about 80%, 
greater than about 90%, greater than about 95%, greater than about 98%, 
greater than about 99%, etc.) of the first target nucleic acid molecules contain 
inserts. In a related aspect, the first target nucleic acid molecules may 
comprise a mixed population of molecules which differ in nucleotide 
sequence. Of course, the percentage of target molecules which contain inserts 
will vary with the relative concentrations of the nucleic acid molecules which 
undergo recombination. For example, when the nucleic acid molecules of a 
population of nucleic acid molecules are in excess with respect to the first 
target nucleic acid molecules, then a relatively high percentage of the first 
target nucleic acid molecules will generally contain inserts after 
recombination. 

In another aspect, the invention provides methods for transferring 
nucleic acid molecules of a population of nucleic acid molecules contained in 
a first target nucleic acid molecule (e.g., a vector, a chromosome, etc.) into a 
second target nucleic acid molecule such that a substantial percentage (e.g., 
greater than about 10%, greater than about 20%, greater than about 30%, 
greater than about 40%, greater than about 50%, greater than about 60%, 
greater than about 70%, greater than about 80%, greater than about 90%, 
greater than about 95%, greater than about 98%, greater than about 99%, etc.) 
of the nucleic acid molecules intended for transfer are transferred into the 
second target nucleic acid molecule. In a related aspect, the invention provides 
methods for transferring nucleic acid molecules of a population of nucleic acid 
molecules contained in a first target nucleic acid molecule (e.g., a vector, a 
chromosome, etc.) into a second target nucleic acid molecule such that a 
substantial percentage (e.g., greater than about 10%, greater than about 20%, 
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greater than about 30%, greater than about 40%, greater than about 50%, 
greater than about 60%, greater than about 70%, greater than about 80%, 
greater than about 90%, greater than about 95%, greater than about 98%, 
greater than about 99%, etc.) of the second target nucleic acid molecule 
contain inserts. In other words, the invention provides methods for the 
efficient transfer of nucleic acid molecules (e.g., the molecules of a cDNA 
library) from nucleic acid molecule in which they reside (e.g., a vector, a 
chromosome, etc.) into target nucleic acid molecules (e.g., a vector, a 
chromosome, etc.). 

The invention further provides methods for transferring multiple copies 
of one or a small number of nucleic acid molecules, which are not target 
nucleic acid molecules, from a first target nucleic acid molecule into a 
population of second target nucleic acid molecules, such that a substantial 
percentage (e.g., greater than about 10%, greater than about 20%, greater than 
about 30%, greater than about 40%, greater than about 50%, greater than about 
60%, greater than about 70%, greater than about 80%, greater than about 90%, 
greater than about 95%, greater than about 98%, greater than about 99%, etc.) 
of the second target nucleic acid molecules undergo recombination which 
results in the insertion of the one or a small number of nucleic acid molecules. 

Nucleic acid transfer methods of the invention may result in nucleic 
acid molecules (e.g., cDNAs) being sequentially transferred to more than one 
(e.g., two, three, four, five, six, seven, eight, nine, ten, etc.) target nucleic acid 
molecules. For example, nucleic acid molecules being sequentially transferred 
from one target nucleic acid molecule to another target nucleic acid molecule 
may be transferred to one or more (e.g., two, three, four, five, six, seven, eight, 
nine, ten, etc.) intermediary target nucleic acid molecules. These intermediary 
target nucleic acid molecules may be used for any number of purposes. For 
example, intermediary target nucleic acid molecules may be used to amplify 
the nucleic acid molecules being transferred or to add or remove particular 
nucleotide sequences (e.g., recombination sites; restriction sites; nucleotide 
sequences which encode signal peptides, epitope tags, polypeptides having one 
or more enzymatic activities; etc.) to/from the molecules being transferred. 
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Using the process shown in Figure 1 for illustration, a first population 
of nucleic acid molecules {e.g., a cDNA library), each of the individual 
molecules of which contain recombination sites at one or both termini, are 
inserted into a first target nucleic acid molecule {e.g., a vector, a chromosome, 
etc.) by a first recombination reaction to produce a second population of 
nucleic acid molecules. In this instance, the first target nucleic acid molecule 
is an intermediary target nucleic acid molecule since individual members of 
the population of nucleic acid molecules which have been inserted into the 
first target nucleic acid molecule are then transferred to a second target nucleic 
acid molecule by a second recombination reaction to form a third population 
of nucleic acid molecules. Thus, methods of the invention include the transfer 
of nucleic acid molecules, using one or more recombination reactions {e.g., 
reactions of the CrdloxP and/or the Flp/FRT recombination systems), from 
one target nucleic acid molecule to another target nucleic acid molecule, either 
directly or through one or more intermediary target nucleic acid molecules. 

As one skilled in the art would recognize, numerous variations of the 
general process show in Figure 1, many of which are set out herein are 
possible, are included within the scope of the invention. 

In one general aspect, the invention is directed to methods for inserting 
populations of nucleic acid molecules into target molecules. In specific 
embodiments, these methods comprise: 

(a) mixing at least one first population of nucleic acid molecules 
{e.g., a cDNA library) comprising one or more {e.g., one, two, three, four, five, 
six, eight, ten, etc.) recombination sites with at least one {e.g., one, two, three, 
four, five, six, eight, ten, etc.) first target nucleic acid molecule comprising one 
or more {e.g., one, two, three, four, five, six, eight, ten, etc.) recombination 
sites; 

(b) causing some or all of the nucleic acid molecules of the at least 
one first population to recombine with some or all of the first target nucleic 
acid molecules, thereby forming a second population of nucleic acid 
molecules; 

(c) mixing at least the second population of nucleic acid molecules 
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with at least one second target nucleic acid molecule comprising one or more 
{e.g., one, two, three, four, five, six, eight, ten, etc.) recombination sites; and 

(d) causing some or all of the nucleic acid molecules of the at least 
second population to recombine with some or all of the second target nucleic 
acid molecules, thereby forming a third population of nucleic acid molecules. 

Further, steps (c) and (d) referred to above may be repeated, resulting 
in the transfer of individual members of the first population of nucleic acid 
molecules through a series of target nucleic acid molecules, referred to herein 
as intermediary target nucleic acid molecules. Thus, according to methods of 
the invention, individual members of the first population of nucleic acid 
molecules may be transferred from one target nucleic acid molecule to one or 
more other target nucleic acid molecules. Further, with each transfer, new 
populations of nucleic acid molecules are formed. 

As discussed below, either one or both of the nucleic acid molecules 
(e.g the individual members of the first population of nucleic acid molecules, 
the first target nucleic acid molecule, etc.) which participate in recombination 
reactions performed during the practice of the invention may be linear or 
closed, circular. Further, closed, circular nucleic acid molecules may be 
relaxed, negatively supercoiled, or positively supercoiled. 

In addition, sites suitable for linearizing nucleic acid molecules may be 
present in one or both of the molecules undergoing recombination (e.g., the 
individual members of the first population of nucleic acid molecules, the first 
target nucleic acid molecule, etc.). Examples of such sites include 
recombination sites and restriction enzyme recognition sites. Further, linear 
nucleic acid molecules may be generated by amplification, across a population 
of molecules to generate a linear population. 

Generally, sites suitable for linearizing nucleic acid molecules will be 
designed to linearize the nucleic acid molecule in which they are present while 
having little or no effect on nucleic acid molecules being transferred (e.g., 
cDNA molecules) or nucleic acid which confers functional properties, 
features, or activities used for molecular cloning (e.g., selection markers, 
origins of replication, etc.). As noted above, examples of such sites include 
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recombination sites and restriction sites which recognize rare sequences. 
These sites may be used to cleave nucleic acid molecules such that in almost 
all instances, nucleic acid is cleaved only at desired locations. Thus, when a 
population of molecules which contains a genomic library, for example, is 
linearized, the nucleic acid molecules which make up the libraiy will be 
cleaved in only extremely rare instances. Further, limit digests may be used in 
instances where there is a concern that the linearization method used results in 
the exclusion of particular nucleic acid molecules from the transfer process. 
Recombination sites which can be used with this aspect of the invention are 
described elsewhere herein. 

Restriction sites which both recognize rare sequences and can be used 
with the invention include IScel (see Kirik et al, EMBO /. 19:5562-5566 
(2000)), NotI f Sfil (see Caccio et al, Gene 279:73-79 (1998)) sgfL (Kappelman 
et al, Gene 160:55-58 (1995)), and the HO nuclease of Saccharomyces 
cerevisiae (see Kostriken and Heffron, Cold Spring Harb. Symp. Quant Biol 
49:89-96 (1984), Nickoloff et al, Proa Natl Acad Sci. USA 53:7831-5 
(1986)). Homing endonucleases, which are rare-cutting enzymes encoded by 
introns and inteins (see Belfort and Roberts, Nucleic Acids Res. 25:3379-3388 
(1997), may also be used with the invention. 

In many instances, it will be desirable for recombination reactions to 
occur at particular nucleic acid concentrations of the population of nucleic acid 
molecules and target nucleic acid molecules. For example, nucleic acid 
molecules of the population of nucleic acid molecules (e.g., a cDNA 
library/Expression Clones) may be present at a variety of concentrations 
including about 0.1 ng/^1, about 0.5 ng/jil, about 1.0 ng//xl, about 1.5 ng/jLtl, 
about 2.0 ng//xl, about 2.5 ng//d, about 3.0 ng/pl, about 4.0 ng/^tl, about 5.0 
ng/jil, about 6.0 ng/jd, about 7.0 ng/pl, about 8.0 ng//il, about 9.0 ng/jttl, about 
10 ng//d, about 12 ng/jtil, about 13 ng//il, about 15 ng//xl, about 20 ng//d, about 
25 ng//il, about 40 ng/jtd, about 50 ng/jil, about 70 ng//il, about 100 ng/fil, 
about 150 ng//il, about 200 ng/jLtl, about 250 ng//xl, about 300 ng/jd, about 350 
ng//il, about 400 ng/jal, about 500 ng//xl, about 600 ng/fd, about 700 ng/jLtl, 
about 800 ng/jul, about 900 ng//il, or about 1000 ng/jLtl. 
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Further, the target nucleic acid molecule {e.g., a pDONR plasmid, a 
Destination Vector) may be present at a variety of concentrations including 
about 0.1 ng/jil, about 0.5 ng/jttl, about 1.0 ng//d, about 1.5 ng//*l, about 2.0 
ng/jil, about 2.5 ng/pl, about 3.0 ng/jd, about 4.0 ng//il, about 5.0 ng//d, about 
6.0 ng//xl, about 7.0 ng//xl, about 8.0 ng/jttl, about 9.0 ng//il, about 10 ng//xl, 
about 12 ng//il, about 13 ng/jd, about 15 ng//il, about 20 ng/ptl, about 25 ng/jil, 
about 40 ng/ptl, about 50 ng//xl, about 70 ng//xl, about 100 ng/ptl, about 150 
ng//d, about 200 ng/jLtl, about 250 ng//d, about 300 ng/jul, about 350 ng/jtd, 
about 400 ng/jd, about 500 ng/ptl, about 600 ng/jtil, about 700 ng/jxl, about 800 
ng//xl, about 900 ng//xl, or about 1000 ng/jul. 

As discussed below, in many instances, it will be desirable for the 
population of nucleic acid molecules to be a limiting component of a 
recombination reaction. In such instances, the target nucleic acid molecule 
will normally be present in excess with respect to the population of nucleic 
acid molecules. The ratio of target nucleic acid molecule to the population of 
nucleic acid molecules may vary considerable but can be, for example, about 
0.1:1, about 0.2:1, about 0.4:1, about 0.5:1, about 1.0:1, about 1.5:1, about 2:1, 
about 2.5:1, about 3:1, about 3.5:1, about 4:1, about 4.5:1, about 5:1, about 
5.5:1, about 6:1, about 6.5:1, about 7:1, about 7.5:1, about 8:1, about 8.5:1, 
about 9:1, about 9.5:1, about 10:1, about 11:1, about 12:1, about 13:1, about 
14:1, about 15:1, about 17:1, about 20:1, about 22:1, about 25:1, about 27:1, 
about 30:1, about 35:1, about 40:1, about 45:1, about 50:1, about 60:1, about 
70:1, about 80:1, about 90:1, or about 100:1. 

In instances where the initial nucleic acid molecules involved in one 
recombination reaction (e.g., the first population of nucleic acid molecules, the 
first target nucleic acid molecule, etc.), or other nucleic acid molecules which 
are present, either will not substantially interfere with later recombination 
reactions or can be eliminated (e.g., removed, degraded, substantially diluted, 
etc.), the entire transfer process can be efficiently performed in a single tube. 
Using the depiction in Figure 2 for purposes of illustration, if the Expression 
Clones or pDONR plasmid will not (1) substantially interfere with the LR 
Clonase™ catalyzed recombination reaction or (2) interfere with the 
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identification of Expression Clone products of this reaction, then amplification 
of the Entry Clones (i.e. y the second population of nucleic acid molecules), for 
example, would not be necessary and the transfer of libraries of nucleic acids 
can be accomplished in a single tube. 
5 One way that nucleic acid molecules involved in one recombination 

reaction can interfere with later events in processes of the invention is by 
co-transformation of cells along with the individual members of later formed 
populations of nucleic acid molecules. Again using the process set out in 
Figure 2 for purposes of illustration, the initial Expression Clones and the 

10 product Expression Clones each contain an ampicillin resistance marker. 

Thus, if substantial quantities of the initial Expression Clones are present and 
remain capable of transforming cells, then the initial Expression Clones could 
co-transform cells along with product Expression Clones, thereby decreasing 
the efficiency of the overall process. 

15 Conjugative transfer may also be employed to facilitate the transfer of 

particular nucleic acid molecules between cells. Using the process shown in 
Figure 7 for purposes of illustration, the pDONR vector shown in this figure 
contains an origin of CDT (onT) which results in the transfer of the vector 
from a donor cell to a recipient cell during conjugation. Essentially only 

20 vectors which contain the orfT will be transferred during conjugation. 

Conjugative transfer methods are described in Schafer et ah, U.S. Patent No. 
5,346,818, the entire disclosure of which is incorporated herein by reference. 
Thus, nucleic acid molecules, as well as the use of such molecules in processes 
of the invention, which contain components which result in the selective 

25 transfer of these molecules between cells are included within the scope of the 

invention. 

Potential problems related to interference from initial nucleic acid 
molecules can be reduced or prevented in a number of ways. For example, the 
concentration of populations of nucleic acid molecules which undergo 
30 recombination can be kept low, as compared to the concentration of target 

nucleic acid molecules. Thus, the populations of nucleic acid molecules will 
be a limiting participant in recombination reactions. Further, recombination 
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proteins can be included in reaction mixtures in relatively high concentrations 
to drive first recombination reactions .as far to completion as possible. Also, 
the products of the recombination reactions which might interfere with later 
steps can be linearized and then treated with one or more nucleases which 
digest nucleic acid molecules having one or more free ends. Examples of such 
enzymes include X Exonuclease, Exonuclease I, Exonuclease m, and 
Exonuclease V, and U70 (i.e., an alkaline exonuclease of Human herpesvirus 
6, see GenBank Accession No. NP_042963). Thus, the invention includes 
methods in which the products of recombination reactions are treated with 
exonucleases. Further, nucleic acid molecules may be removed by subtractive 
hybridization, as described for the preparation of normalized libraries. In other 
words, the invention provides both negative and positive selection systems for 
isolating nucleic acid molecules. 

Ftorther, potential problems related to interference from initial nucleic 
acid molecules can be reduced or prevented by the use of subtractive 
hybridization, as described above for the preparation of normalized libraries. 

Another method which can be used to favor the amplification of one 
nucleic acid molecule over another in cellular systems is by the use of genetic 
components which only function under particular conditions (e.g., temperature 
sensitive genetic components, conditional origins of replication). Thus, in one 
aspect, the invention provides nucleic acid molecules which can be amplified 
intracellular^ only under certain conditions. Example of components which 
can be used to prepare such nucleic acid molecules are illustrated in Figures 
6A-6D. In particular, as discussed below in Example 11, the inventors have 
found that when a kanamycin resistance gene (e.g., kanamycin resistance 
genes contained in pDONR212 or pDONR212(F), illustrated, respectively, in 
Figures 27A-27C and 28A-28C) is located on a nucleic acid molecule in close 
proximity to an origin of replication (e.g., an origin of replication contained in 
pDONR212 or pDONR212(F), illustrated, respectively, in Figures 27A-27C 
and 28A-28C), either the kanamycin resistance gene or the origin of 
replication cease to function under particular conditions. For example, when a 
kanamycin resistance gene is located in a nucleic acid molecule at a distance of 
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about 165 base pairs from an Escherchia coli origin of replication and the 
directions of function of these components face away from each other (see the 
orientation shown in Figure 6A), at least one of these two genetic elements 
does not function in E. coli cells at temperatures between 25°C and 30°C, 
referred to herein as "restrictive temperatures". However, both of these two 
genetic elements do function at 37°C, referred to herein as a "permissive 
temperature". 

Thus, in one general aspect, the invention provides compositions 
comprising combinations of genetic elements which confer upon cells a 
temperature sensitive phenotype. These combinations of genetic elements may 
exhibit "cold" (f.e., permissive temperatures are higher than restrictive 
temperatures) or "hot" (i.e., permissive temperatures are lower than restrictive 
temperatures) sensitivity. Further, the combinations of genetic elements may 
comprise two or more (e.g., two, three, four, five, six, seven, eight', etc.) 
selectable markers, transcriptional regulatory sequences, origins of replication 
(e.g., origins of conjugative DNA transfer; conditional origins of replication, 
such as those of plasmids RK2 and R6K (see Easter et al, /, Bacterid 
1 79:6472-6479 (1997)), etc.), and replication terminator alleles (e.g., tus and 
ter (see Anderson et al, Mol Microbiol 36:1327-1335 (2000))). The 
invention further provides methods for using temperature sensitive 
combinations of genetic elements in methods of the invention, as well as host 
cells which contain these combinations of genetic elements. 

The invention further includes methods which are performed in 
multiple (e.g., two, three, four, five, six, eight, ten, etc.) steps and/or reaction 
tubes in which transfer of nucleic acid molecules either into a target nucleic 
acid molecule or between target nucleic acid molecules occurs at different 
times or in different reaction mixtures or tubes. One exmaple of such a 
precess is set out below in Example 6. 

In specific embodiments, as noted above and below in Example 11, the 
invention provides temperature sensitive combinations of at least two genetic 
elements, wherein one of the at least two genetic elements is an antibiotic 
resistance marker (e.g., a kanamycin resistance marker, an ampicillin 
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resistance marker, a gentamycin resistance marker, etc.) and one of the at least 
two genetic elements is an origin of replication. In additional specific 
embodiments, the antibiotic resistance marker and origin of replication are 
situated with respect to each other such that they confer a temperature sensitive 
phenotype. In particular, these genetic elements, as well as other genetic 
elements used in compositions and methods of the invention, have directions 
of function shown in Figures 6A-6D. In specific embodiments, these 
directions of functionalities correspond to that shown in Figure 6A (i.e., their 
directions of function face away from each other). 

Using the schematic shown in Figure 6A and Figures 27A-27C for 
purposes of illustration, the positioning a kanamycin resistance marker and an 
origin of replication about 162 base pairs from each other, wherein the marker 
and origin have directions of function which are directed away from each other 
results in exhibition of a "cold" sensitive phenotype. More specifically, E. coli 
cells which contain a vector (e.g., pDONR212 and pDONR212(F)) having 
these elements in such positions that fewer colonies form on plates containing 
kanamycin at 25°C and 30°C than at 37°C. 

Thus, in specific embodiments, the invention provides compositions 
comprising temperature sensitive combinations of genetic elements, wherein 
the genetic elements comprise at least one antibiotic resistance marker and at 
least one origin of replication. Further, the directions of function of these 
elements may be directed away from each other (see Figure 6A), towards each 
other (see Figure 6C), or in the same direction (see Figures 6B and 6D). 

In general, genetic elements which confer the temperature sensitive 
phenotype will be on the same nucleic acid molecules (i.e., are in a cis format). 
Further, these elements may be located at various distances from each other. 
For example, the elements may be separated by about 5 nucleotides, about 10 
nucleotides, about 15 nucleotides, about 20 nucleotides, about 30 nucleotides, 
about 40 nucleotides, about 50 nucleotides, about 60 nucleotides, about 80 
nucleotides, about 90 nucleotides, about 100 nucleotides, about 120 
nucleotides, about 140 nucleotides, about 160 nucleotides, about 180 
nucleotides, about 200 nucleotides, about 230 nucleotides, or about 250 
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nucleotides of intervening nucleic acid. 

The temperature sensitive phenotype of combinations of genetic 
elements may be exhibited at various temperatures. Further, the particular 
restrictive and permissive temperatures will vary with the particular genetic 
elements and the cells which exhibit phenotypes conferred by these elements. 
For combinations of genetic components which confer cold sensitive 
phenotypes, examples of restrictive temperatures include 10°C, 15°C I 20 £> C > 
21°C, 22°C, 23°C, 24°C, 25°C, 26°C, 27°C, 28°C, 29°C, 30°C, 31°C, and 
32°C, and examples of permissive temperatures include 35°C, 36°C, 37°C, 
38°C, 39°C, 40°C, 41°C, and 42°C. For combinations of genetic components 
which confer cold sensitive phenotypes, examples of permissive temperatures 
include 10°C, 15°C, 20°C, 21°C, 22°C, 23°C, 24°C, 25°C, 26°C, 27°C, 28°C, 
29°C, 30°C, 31°C, and 32°C, and examples of restrictive temperatures include 
35°C, 36°C, 37°C, 38°C, 39°C, 40°C, 41°C, and 42°C. 

Assays which may be used to determine whether particular 
combinations of genetic elements confers a temperature sensitive phenotype 
include assays involving culturing cells which contain the genetic elements at 
various temperatures. Such assays would be readily apparent to one skilled in 
the art. 

A wide variety of genetic elements, in addition to temperature sensitive 
elements, and systems may be used to favor the amplification of one nucleic 
acid molecule over another. One example is an origin of replication which 
functions in bacterial cells but not yeast cells. Thus, when nucleic acid 
molecules of a mixed population of vectors are introduced into yeast cells, 
molecules which contain origins of replication which function in yeast will be 
preferentially amplified over those which do not contain such an origin. 
Additional elements include drug sensitivity markers such as Herpes simplex 
thymidine kinase, which can be used to select against cells which express this 
protein, and IPTG inducible promoters, which can be used to select for or 
against cells in which this promoter activates transcription. 

As noted above, .Figure 2 illustrates specific embodiments of the 
invention. In particular, Figure 2 shows a process for the transfer of nucleic 
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acid molecules of a cDNA library from Expression Clones (a population of 
nucleic acid molecules) to a Destination Vector (a target nucleic acid 
molecule), through a pDONR plasmid intermediate (an intermediary target 
nucleic acid molecule), to generate additional Expression Clones (a population 
of nucleic acid molecules). 

The first step in the process shown in Figure 2 involves a BP 
Clonase™ catalyzed recombination reaction between Expression Clones (a 
population of nucleic acid molecules), which comprise the nucleic acid 
molecules of a cDNA library, and a pDONR plasmid (a target nucleic acid 
molecule) to generate Entry Clones (a population of nucleic acid molecules). 
The Expression Clone (a population of nucleic acid molecules) or the pDONR 
plasmid (a target nucleic acid molecule) may be linear or closed, circular. 
Further, closed, circular nucleic acid molecules may be relaxed, negatively 
supercoiled, or positively supercoiled. Supercoiled molecules may each have 
any number {e.g., one, two, three, four five, six, seven, eight, nine, ten, etc.) of 
supercoils. 

The BP CLONASE™ catalyzed recombination reaction shown in Figure 
2 (a first recombination reaction) occurs in the presence of a protein referred to 
as Fis. Fis, as well as a number of other proteins (e.g., E. coli ribosomal 
proteins S10, S14, S15, S16, S17, S18, S19, S20, S21, L14, L21, L23, L24, 
L25, L27, L28, L29, L30, L31, L32, L33 and L34; U.S. Appl. No. 09/438,358, 
filed November 12, 1999, the entire disclosure of which is incorporated herein 
by reference), enhances the efficiency ojF recombination reactions (e.g., BP 
Clonase™ catalyzed recombination reactions). Thus, the invention further 
provides methods which employ proteins that enhance recombination reactions 
(e.g., Fis; E. coli ribosomal proteins S10, S14, S15, S16, S17, S18, S19, S20, 
S21, L14, L21, L23, L24, L25, L27, L28, L29, L30, 131, L32, L33 and L34; 
etc.) 

Specific parameters and conditions related to the optimization of 
recombination reactions performed in the presence of Fis are set out below in 
Example 9. Proteins which enhance recombination reactions (e.g., Fis) may be 
included in BP Clonase™ catalyzed recombination reactions, as well as other 



67 



WO 02/095055 



PCTAJS02/15947 



recombination reactions, in a variety of concentrations, including about 0.5 
ng/fil, about 1.0 ng/fil, about 1.5 ng/fil, about 2.0 ng/fil, about 2.5 ng/jxl, about 
3.0 ng/fil, about 3.5 ng/fil, about 4.0 ng/fil, about 4.5 ng/fil, about 5.0 ng/fil, 
about 5.5 ng/fil, about 6.0 ng/fil, about 6.5 ng/fil, about 7.0 ng/fil, about 7.5 
ng/fil, about 8.0 ng/fil, about 8.5 ng/fil, about 9.0 ng/jttl, about 9.5 ng/fil, about 
10.0 ng/fil, about 10.5 ng/fil, about 11.0 ng/fil, about 11.5 ngZ/tl, about 12.0 
ng/fil, about 12.5 ng/jul, about 13.0 ng/fil, about 13.5 ng/fil, about 14.0 ng/fil, 
about 14.5 ng/ptl, about 15.0 ng/fil, about 16.0 ng/fil, about 17.0 ng/fil, about 
18.0 ng/fil, about 19.0 ng/fd, about 20.0 ng/fd, about 22.0 ng/fil, about 25.0 
ng/fil, about 27.0 ng/ptl, about 30.0 ng/fil, about 35.0 ng/fil, or about 40.0 
ng/fil. Thus, the invention further includes methods which employ proteins 
that enhance the efficiency of recombination reactions. 

As noted above, the concentrations of reagents involved in the first step 
of the process shown in Figure 2 can vary considerably. For example, the BP 
Clonase™, which contains 25-50 ng/fil Int and 20 ng/fil IHF, may be used in 
various amounts to catalyze recombination reactions. Using the Int protein of 
the BP Clonase™ as a point of reference, the BP Clonase™ may be used in 
recombination reactions of the invention such that Int is present at 
concentrations such as 3 ng/fd, 5 ng/fil, 10 ng/fil, 50 ng/fil, 100 ng/fil, 200 
ng/fil, 300 ng/fil, 400 ng/fil, 500 ng/fil, 700 ng/fil, 900 ng/fil, 1000 ng/jxl, 1200 
ng/fil, 1500 ng/fil, 1700 ng/fil, 1900 ng/fil, or 2000 ng/fil. 

The second step in the process shown in Figure 2 involves an LR 
Clonase™ catalyzed recombination reaction between Entry Clones, which 
comprise the nucleic acid molecules of a cDNA library, and a Destination 
Vector to re-generate Expression Clones. The Entry Clones or the Destination 
Vector may be linear or closed, circular. Further, closed, circular nucleic acid 
molecules may be relaxed, negatively supercoiled, or positively supercoiled. 
Supercoiled molecules may have any number (e.g., one, two, three, four five, 
six, seven, eight, nine, ten, etc.) of supercoils. 

In many embodiments, the Destination Vector will be linearized before 
undergoing recombination. Thus, the Destination Vector will generally 
contain a site which can be used for linearization. 
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The invention also includes processes for recombining populations of 
nucleic acid molecules which contain at least one recombination site and the 
insertion of the recombination products into vectors. Further, the populations 
of nucleic acid molecules which are inserted into vectors may then be 
transferred to other vectors. 

With respect to methods for recombining populations of linear nucleic 
acid molecules (e.g., molecules of a cDNA library), the invention provides 
methods for generating populations of nucleic acid molecules which contain 
one or more recombination sites and methods for recombining theses 
molecules to alter one or more of these recombination sites (&g., the 
conversion of att& sites to atth sites, as shown in Figure 3). The resulting 
molecules, which comprise one or more altered recombination sites, may then 
be recombined with a target nucleic acid molecule to form hybrid nucleic acid 
molecules. 

Using the process shown in Figure 3 for purposes of illustration, linear 
molecules of a cDNA library which contain attB sites at each terminus are 
recombined with linear atiP molecules a target nucleic acid molecule) to 
generate a population of cDNA molecules which contain atth sites or attR 
sites at each terminus (a population of nucleic acid molecules). The resulting 
population of cDNA molecules is then recombined with a Destination Vector 
(a target nucleic acid molecule) to generate Expression Clones (a population of 
nucleic acid molecules). 

As one skilled in the art would recognize, numerous variations of the 
process shown in Figure 3 are possible and within the scope of the invention. 
For example, the starting population of cDNA molecules may instead 
comprise genomic or synthetic nucleic acid molecules. Further, the starting 
population of nucleic acid molecules, the target nucleic acid molecule, or both 
may contain additional nucleic acid (1) 5' to the 5 ! end of the 5 f recombination 
site, (2) y to the 3 1 end of the 3 1 recombination site, or (3) both 5* to the 5' end 
of the 5' recombination site and 3 ! to the 3' end of the 3' recombination site. In 
addition, the starting population of nucleic acid molecules, the target nucleic 
acid molecule, or both may be closed, circular. Further, such closed, circular 



69 



WO 02/095055 PCT/US02/15947 

nucleic acid molecules may be relaxed, positively supercoiled, or negatively 
supercoiled. 
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Nucleic acid segments may be added to individual members of the 
populations of nucleic acid molecules which are used to practice methods of 
the invention. One method for adding nucleic acid segments involves the 
insertion of individual members of populations of nucleic acid molecules into 
other nucleic acid molecules (e.g., a vector) which contain the nucleic acid 
segment to be added. One example of a Destination Vector which may be 
used in such a process in shown in Figure 4. A cDNA library, for example, 
may be inserted into a Destination Vector (i.e., a first target nucleic acid 
molecule) using recombination between attLl, attRl, attL2 and a#R2 sites, to 
generate a nucleic acid molecule which contains three separate nucleic acid 
segments (four if the vector is counted) which are separated by attB sites. 
Recombination between various combinations of atfBl, otiPl, atfB2 and 
attP2, attB3, attP3, attB4 and attP4 sites, can be used to (1) effect transfer of 
the resulting population of nucleic acid molecules to a second target nucleic 
acid molecule or (2) replaced a nucleic acid segment located between two 
recombination sites. For example, when the second target molecules have 
been linearized between the recombination sites (see, for example, the 
pDONOR molecule in the upper left hand corner which is linearized between 
a#P3 and atfPl), nucleic acid molecules may be designed such that transfer of 
the population of nucleic acid molecules of the second population to the 
second target nucleic acid molecule occurs during recombination to generate 
Entry Clones. 

Further, when the second target molecules have been linearized 
between in the backbone of the vector (e.g., between kan and ori in the 
pDONOR molecules shown in Figure 4), nucleic acid molecules may be 
designed such that Destination Vectors are either generated/regenerated. For 
example, using the process shown in Figure 4 for purposes of illustration, a 
ccdB coding region from second target molecules may be inserted into 
members of the second population of nucleic acid molecules, replacing nucleic 
acids which reside between one or more recombination sites. 

Depending on the recombination sites present on the pDONOR 
molecules (i.e., second target nucleic acid molecules), the population of cDNA 
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molecules may be transferred to the pDONOR vectors with or without 
additional flanking nucleic acid segments. As one skilled in the art would 
recognize, any possible number of combinations of the above is included 
within the scope of the invention. Further, the pDONOR molecules may 
contain additional recombination sites and nucleic acid segments (e.g., nucleic 
acid segments having promoter activities) which may be joined to the 
individual members of the populations of nucleic acid molecules which are 
transferred. Thus, the invention also provides methods for connecting nucleic 
acid molecules to other nucleic acid molecules, as well as nucleic acid 
molecules produced by these methods. This aspect of the invention is 
particularly useful when combined with screening methods designed to 
identify nucleic acid molecules which either have specific properties, features, 
or activities or encode expression products having particular properties, 
features, or activities. 

The invention further allows for the addition of nucleic acid segments 
to individual members of the populations of nucleic acid molecules used to 
practice methods of the invention. The invention also allows for the deletion 
or substitution of nucleic acid segments associated with members of these 
populations. For example, individual members of the populations of nucleic 
acid molecules may be introduced into a vector which has multiple 
recombination sites (e.g., atfP sites) having different specificities (e.g., two, 
three, four five, six, seven, eight, nine, ten, etc. specificities). Nucleic acid 
segments which confer particular properties, features, or activities upon 
individual members of the population may be contained between different 
recombination sites, and may even extend across recombination sites. In the 
latter instance, under particular circumstances (e.g., when the nucleic acid 
encode an expression product) recombination can be used, for example, to 
disrupt properties, features, or activities conferred by nucleic acid segments. 
As noted above, representative examples of nucleic acid molecules and 
processes described above are set out in Figure 4. 

The invention also provides methods for constructing nucleic acid 
molecules in which nucleic acid segments are connected (see, e.g., Figure 4). 
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Again using the process set out in Figure 4 for purposes of illustration, once a 
second population of nucleic acid molecules has been produced, other 
associated nucleic acid segments may be replaced with members of a library. 
For example, once a second population of nucleic acid molecules has been 
generated, these molecules may be screened to identify molecules (e.g., 
members of the population with cDNA inserts) which have one or more 
properties, features, or activities. Once nucleic acid molecules containing 
these inserts have been identified, a nucleic acid library may be inserted into a 
different region of the second population of nucleic acid molecules. For 
example, the promoter, shown between a#B3 and a#Bl sites, in the second 
population of nucleic acid molecules shown in Figure 4 may be replaced with 
members a library of nucleic acid molecules (e.g., a genomic library). 
Optionally, the resulting new population of nucleic acid molecules may then 
be screened for promoter activities which result in the expression of the 
inserted cDNA. Numerous variations of the above are possible. Thus, in 
certain embodiments, the invention provides methods for the construction of 
libraries, followed by a first round of screening to identify library members 
having one or more specified properties, features, or activities, followed by 
insertion of nucleic acid molecules into the library members identified by the 
above screening step, followed by second round of screening to identify library 
members having one or more specified properties, features, or activities. As 
one skilled in the art would recognize, the above processes of nucleic acid 
insertion followed by screening may be repeated numerous times (e.g., three, 
four, five, six, seven, eight, nine, ten, etc.) to arrive at one or more nucleic acid 
molecules which have one or more desired properties, features, or activities. 

In specific embodiment, the final target nucleic acid molecule may be a 
viral vector (e.g., a Herpes viral vector, an Adenoviral vector, etc.). Such 
vectors are particularly useful for gene therapy applications, which are 
discussed below. 

Populations of Nucleic Acid Molecules 

Virtually any population of nucleic acid molecules may be used in the 
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practice of the invention. Examples of such populations include genomic 
nucleic acid libraries, cDNA libraries, libraries of variable regions of antibody 
molecules, and synthetic nucleic acid molecules (e.g., synthetic nucleic acid 
molecules which encode peptides), as well as modified forms of these 
libraries. 

Populations of nucleic acid molecules used in the practice of the 
invention may be obtained from virtually any source and may be either 
purchased for a commercial supplier or prepared by methods well known in 
the art. For example, libraries prepared from a wide array of biological entities 
(e.g., viruses, bacterial cells, human cells, etc.) can be obtained from sources 
such as the American Type Culture Collection (ATCC), 10801 University 
Boulevard, Manassas, VA 201 10-2209, USA. 

Sources from which populations of nucleic acid molecules suitable for 
use with the invention may be obtained include viruses (e.g., HIV-1, HTV-2, 
Hepatitis A, Hepatitis B, Hepatitis C, Hepatitis D, Hepatitis E, Hepatitis F, 
etc.), bacteria (e.g., Escherichia coli, Salmonella typhimuriwn, Yersinia pestis, 
Vibrio cholera, Borellia burgdoferi, Thermus aquations, Methanococcus 
janaschii, Thermococcus aegaeicus, Staphylothernxus hellenicus, Aquifex 
pyrophilis, Thermotoga marina, etc.), fungi (e.g., Cryptococcus neoformans, 
Candida albicans, Tinea corporis, Tinea pedis, Tinea capitis, Saccharomyces 
cerevisiae, Pichia pastoris, Schizosaccharomyces pombe, etc.), plants (e.g., 
Lepidium sativum, Brassica juncea, Brassica oleracea, Brassica rapa, Acena 
sativa, Triticum aestivum, Helianthus wmuus, Colonial bentgrass, Kentucky 
bluegrass, perennial ryegrass, creeping bentgrass, Bermudagrass, Buffalograss, 
centipedegrass, switch grass, Japanese lawngrass, coastal panicgrass, spinach, 
sorghum, tobacco, corn, etc.), and animals (e.g., Drosophila melanogaster, 
mice, rats, rabbits, hamsters, guinea pigs, pigs, goats, sheep, cows, baboons, 
monkeys, chimpanzees, human, etc.). 

The populations of nucleic acid molecules of the invention may contain 
coding regions, non-coding regions (e.g., promoters), or both coding regions 
and non-coding regions. Further, coding regions, when present, may encode 
either polypeptide expression products or functional RNA molecules. As 
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explained below in more detail, non-coding regions include nucleic acids 
which control the transcription of nucleic acid molecules when present on the 
molecules undergoing transcription (i.e. 9 when present in cis and in operable 
linkage with nucleic acid which may be expressed), 

Li specific embodiments, the nucleic acid libraries used in the practice 
of the invention are not libraries wherein a high percentage (e.g., at least 20%, 
at least 30%, at least 40%, at least 50%, at least 70%, at least 80%, at least 
90%, etc.) of the nucleic acid molecules encode variable regions of antibody 
molecules. 

The populations of nucleic acid molecules used in the practice of the 
invention may be combinatorial libraries. Numerous examples of the 
preparation and use of combinatorial libraries are known in the art. (See, e.g., 
Waterhouse et al. 9 Nucleic Acids Res. 27:2265-2266 (1993), Tsurushita et al. t 
Gene 772:59-63 (1996), Persson, Int. Rev. Immunol 10:2-3 153-163 (1993), 
Chanock et a/., Infect. Agents Dis. 2:118-131 (1993), Burioni et a/., Res. Virol. 
745:161-4 (1997), Leung, Thromb. Haemost 74:373-376 (1995), Sandhu, 
Crit. Rev. BiotecJmol 12:5-6 437-62 (1992), and United States Patent Nos. 
5,733,743, 5,871,907 and 5,858,657, all of which are specifically incorporated 
herein by reference.) 

Libraries used in the practice of the invention may comprise, for 
example, normalized cDNA or genomic libraries. 

Libraries used in the practice of the invention may also comprise, for 
example, nucleic acid molecules corresponding to permutations of an original 
library of nucleic acid molecules prepared by mutagenesis, referred to herein 
as a "mutagenized library". Nucleic acid molecules in a mutagenized library 
may encode, for example, polypeptides or functional RNAs. Further, such 
libraries may contain nucleic acids which have functions other than encoding 
expression products (e.g., nucleic acids which have promoter activity). The 
nucleic acid molecules of mutagenized libraries can be joined to other nucleic 
acid segments consisting of (1) one or more nucleic acid molecules which are 
the same or different with respect to sequence or (2) a library of nucleic acid 
molecules. The nucleic acid molecules of the mutagenized library may be 
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linked to other nucleic acid segments either contiguously or non-contiguously 
(e.g., intervening nucleic acid may be present). Further, one or more (e.g., 
one, two, three, four, five, six, seven, eight, nine, ten, etc.) nucleic acid 
molecules of a mutagenized library may be linked to one or more (e.g., one, 
5 two, three, four, five, six, seven, eight, nine, ten, etc.) members of the same 

library or of a different library, the members of which may or may not have 
been subjected to mutagenesis. 

Mutagenized libraries may be prepared by any number of art known 
means, including synthesis of the library members by low fidelity polymerases 

10 and/or reverse transcriptases. Thus, mutagenized libraries suitable for use with 

the invention may be prepared using, for example, PCR. 

When one or more nucleic acid molecules used in methods and 
compositions of the invention are subjected to mutagenesis, these molecules 
may contain either (1) a particular number of mutations or (2) an average 

15 number of mutations. Further, mutations may be scored with reference to the 

nucleic acid molecules themselves or the expression products (e.g., 
polypeptides encoded by the nucleic acid molecules). For example, nucleic 
acid molecules of a library may be mutated to produce populations of nucleic 
acid molecules which are, on average, at least 50%, at least 55%, at least 60%, 

20 at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 

90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% 
identical to corresponding nucleic acid molecules of the original library. 
Further, nucleic acid molecules of a library may be mutated to produce 
populations of nucleic acid molecules which are, on average, between 50% 

25 and 60%, between 55% and 65%, between 60% and 70%, between 65% and 

75%, between 70% and 80%, between 75% and 85%, between 80% and 90%, 
between 85% and 95%, or between 90% and 99% identical to corresponding 
nucleic acid molecules of the original library. 

Similarly, nucleic acid molecules of a library may be mutated to 

30 produce populations of nucleic acid molecules which encode polypeptides that 

are, on average, at least 50%, at least 55%, at least 60%, at least 65%, at least 
70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at 
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least 96%, at least 97%, at least 98%, or at least 99% identical to polypeptides 
encoded by corresponding nucleic acid molecules of the original library. 
Further, nucleic acid molecules of a library may be mutated to produce 
populations of nucleic acid molecules which encode polypeptides that are, on 
average, between 50% and 60%, between 55% and 65%, between 60% and 
70%, between 65% and 75%, between 70% and 80%, between 75% and 85%, 
between 80% and 90%, between 85% and 95%, or between 90% and 99% 
identical to polypeptides encoded by corresponding nucleic acid molecules of 
the original library. 

Mutagenesis of nucleic acid molecules has been utilized to generate 
proteins with altered functions (e.g., binding specificity). Often, the 
mutagenesis is site-directed, and therefore laborious depending on the 
systematic choice of mutation to induce in the protein. For example Corey et 
al, /. Amer. Chem. Soc? 1 74:1784-1790 (1992), modified rat trypsins by site- 
directed mutagenesis. Partial randomization of selected codons in the 
thymidine kinase (TK) gene has also been used as a mutagenesis procedure to 
develop variant TK proteins. (Munir et al, J. Biol Chem. 267:6584-6589 
(1992).) Mutagenesis may also be performed using methods such as error- 
prone PCR (see, e.g., Leung et al, Technique, 7:11-15 (1989) and Caldwell 
and Joyce, PGR Methods Applic, 2:28-33 (1992)) and saturation mutagenesis 
(see, e.g., Short, U.S. Patent No. 6,171,820). Thus, methods for introducing 
specific mutations into nucleic acid sequences are known in the art, A number 
of such methods are described in Ausubel, F.M. et al, Current Protocols in 
Molecular Biology, Wiley Interscience, New York (1989-1996). Mutations 
can be designed into oligonucleotides, which can be used to modify existing 
cloned sequences, or in amplification reactions. Random mutagenesis can also 
be employed if appropriate selection methods are available to isolate the 
desired mutant DNA or RNA. The presence of the desired mutations can be 
confirmed by sequencing the nucleic acid by well known methods. 

In one aspect, the invention allows controlled expression of fusion 
proteins by suppression of one or more stop codons. According to the 
invention, one or more nucleic acid molecules (e.g., one, two, three, four, five, 
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seven, ten, twelve, etc.) joined by methods of the invention may comprise one 
or more stop codons which may be suppressed to allow expression from a first 
starting molecule through the next joined starting molecule. For example, a 
nucleic acid molecules comprising a first-second-third segment joined together 
(when each of such first and second molecules contains a stop codon) can 
express a tripartite fusion protein encoded by the joined molecules by 
suppressing each of the stop codons of the first and second segments. 
Moreover, the invention allows selective or controlled fusion protein 
expression by varying the suppression of selected stop codons. Thus, by 
suppressing the stop codon between the first and second molecules but not 
between the second and third molecules of the first-second-third molecule, a 
fusion protein encoded by the first and second molecule may be produced 
rather than the tripartite fusion. Thus, use of different stop codons and 
variable control of suppression allows production of various fusion proteins or 
portions thereof encoded by all or different portions of the joined starting 
nucleic acid molecules of interest 

In one aspect, one or more stop codons may be included anywhere 
within one or more of the starting nucleic acid molecules (e.g., a member of a 
mutagenized library) or within a recombination site contained by one or more 
of the starting molecules. Such stop codons may be located, for example, at or 
near the termini of any of the joined nucleic acid segments, although such stop 
codons may be included internally within the molecule. In instances where all 
or part of a coding sequence is followed by a stop codon, the stop codon may 
then be followed by a recombination site allowing joining of another nucleic 
acid molecule. In some embodiments of this type, the stop codon may be 
optionally suppressed by a suppressor tRNA molecule. The genes coding for 
the suppressor tRNA molecule may be provided on the same nucleic acid 
molecule (see Figures 20A-20B), on a different nucleic acid molecule, or in 
the chromosome of the host cell into which a nucleic acid molecule 
comprising the coding sequence is inserted. In some embodiments, more than 
one copy (e.g., two, three, four, five, seven, ten, twelve, fifteen, twenty, thirty, 
fifty, etc. copies) of the suppressor tRNA may be provided. Further, in some 
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embodiments, the transcription of the suppressor tRNA may be under the 
control of a regulatable {e.g., inducible or repressible) promoter. 

When a library used in methods of the invention is a cDNA library, this 
library may be enriched for nucleic acid molecules which correspond to either 
the 5' or 3 ! termini of RNA molecules used to generate the library. Methods 
for making such libraries are known in the art. For example, oligo dT columns 
can be used to isolate nucleic acid molecules having polyA regions, which are 
normally associated with the 3 ! terminus of RNA molecules. cDNA may then 
be generated from these RNA molecules. Thus, oligo dT purification of 
nucleic acids can be used to generate populations of molecules which are 
enriched for nucleic acid molecules corresponding to the 3 f termini of RNAs. 
Further, processes such as the "5 1 Race System for Rapid Amplification of 
cDNA Ends" (available from Invitrogen Corp., Carlsbad, CA, Cat No. 
18374-058) may be used to generate libraries which are enriched for nucleic 
acid molecules which correspond to the 5 ! termini of RNAs. Methods for 
generating cDNA libraries enriched for molecules corresponding to 5* and/or 3* 
of RNA molecules are also discussed in PCT Publication No. WO 00/66722, 
the entire disclosure of which is incorporated herein by reference. 

20 Properties, Features, and Activities Identified by Methods of the Invention 

The invention further provides methods for identifying nucleic acid 
molecules which either have at least one identifiable property, feature, or 
activity (e.g., one, two, three, four, five, six, seven, eight, nine, ten, etc.) or 
encode one or more (e.g., one, two, three, four, five, six, seven, eight, nine, 

25 ten, etc.) expression products having at least one (e.g., one, two, three, four, 

five, six, seven, eight, nine, ten, etc.) identifiable property, feature, or activity. 
In specific aspects, the invention provides iterative screening methods for 
identifying nucleic acid molecules which either have particular properties, 
features, or activities (e.g., encode a polypeptide which is in-frame with a 

30 polypeptide encoded by a first target nucleic acid molecule) or encode 

expression products which have particular properties, features, or activities. 
For example, nucleic acid molecules may be screened to identify those having 
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one property, feature, or activity (e.g., a property, feature, or activity described 
below), then nucleic acid molecules identified by the initial screening step may 
be re-screened to identify those which have either the same or another 
property, feature, or activity. In many instances, nucleic acid molecules which 
either have the particular property, feature, or activity for which it is screened 
or encode an expression property, feature, or activity having this property, 
feature, or activity will be either inserted into a target nucleic acid molecule or 
transferred from a first target nucleic acid molecule to a second target nucleic 
acid molecule between screening steps. Such screening steps may be repeated 
any number of times (e.g., two, three, four, five, six, seven, etc.). Further, 
nucleic acid molecules which are subjected to screening steps may be inserted 
into different target molecules before each screening step. 

Processes similar to those described above may be used to screen 
populations of target nucleic acid molecules which differ in nucleotide 
sequence but contain one or a small number of inserted nucleic acid molecules. 
For example, target nucleic acid molecules can be screened for the ability to 
express an inserted open reading frame in particular cell types (e.g., 
hepatocytes, leukocytes, etc.). 

As one skilled in the art would recognize, nucleic acid molecules have 
functions and activities which are separate from their ability to encode genetic 
information. Further, functions and activities identified by methods of the 
invention are not directed solely to properties, features, or activities exhibited 
in nature or, when the nucleic acid molecule has been modified, to properties, 
features, or activities exhibited by the unmodified molecule (e.g., a nucleic 
acid molecule of a cDNA library). 

Examples of properties, features, and activities of nucleic acid 
molecules which can be assayed in the practice of the invention include (1) the 
ability to hybridize to other nucleic acid molecules under stringent conditions, 
(2) the ability to activate gene expression (e.g., the ability to activate gene 
expression either constitutively in cells of an organism or in a tissue-specific 
manner), (3) the ability to bind molecules (e.g., proteins, carbohydrates, metal 
ions, organic compounds, etc.) which exhibit binding affinity for nucleic acid 
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molecules (e.g., proteins which activate transcription), (4) the ability to initiate 
nucleic acid replication (e.g., origins of replication, autonomously replicating 
sequences, transcriptional regulatory elements), (5) the ability to segregate 
nucleic acid molecules during cell divisional {e.g., centromeres), (6) the ability 
to integrate into other nucleic acid molecules by homologous recombination, 

(7) the ability to be joined to another nucleic acid molecule by topoisomerase, 

(8) the ability to be ligated to another nucleic acid molecule, (9) the ability to 
be digested by particular restriction endonucleases, (10) the ability to anneal to 
another nucleic acid molecule, (11) the ability to serve as a template for PCR, 
(12) the ability to participate in transposition, (13) the ability to form 
secondary structures (e.g., hairpin turns, tRNA-like structures), (14) the ability 
to participate in recombination reactions (e.g., site-specific recombination and 
homologous recombination), (15) the ability to direct the packaging" of 
nucleic acid molecules {e.g., packaging signals) into viral particles, and (16) 
the ability to recombine with another nucleic acid molecule by site specific 
recombination. 

Genomic libraries, as well as other libraries {e.g., synthetic libraries), 
may be screened to identify properties, features, or activities associated with 
genomic nucleic acids. Examples of such properties, features, and activities 
include (1) promoter activity and (2) the ability to bind to molecules {e.g., 
proteins) which bind either specifically or non-specifically to nucleic acids. 
Genomic libraries of the invention may be used, for example, to identify 
nucleic acids which exhibit tissue-specific and/or species-specific promoter 
activity. One example of a system which could be used to identify 
tissue-specific promoter elements is one where nucleic acid of genomic library 
is inserted into a vector 5' to a nucleic acid region which encodes green 
fluorescent protein (GFP). This vector may then be inserted into cells of 
particular tissues {e.g., hepatocytes, chondrocytes, leukocytes, etc.) or species 
(e.g., Escherichia coli, Saccharomyces cerevisiae, Neurospra crassa, Amoeba 
proteus, etc.) and the cells may then be screened to identify those in which 
expression of GEP occurs. Numerous other expression detection methods may 
also be used, including positive and negative selection systems which result in 
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either increased or decreased cell viability. 

Genomic libraries, as well as other libraries of the invention, may be 
screened to identify peptides which bind nucleic acids either specifically or 
non-specifically. For example, random peptide libraries may be screened to 
identify peptides which bind genomic nucleic acids. Further, libraries of the 
invention may also be prepared which express large numbers of peptides. 
These peptide libraries may then be screened to identify nucleic acid molecules 
which encode peptides that bind to nucleic acid molecules having a particular 
nucleotide sequence. Methods for preparing and screening such peptide 
libraries (e.g., using phage display systems) are described elsewhere herein. 

Nucleic acid molecules may also be identified by the identification of 
properties, features, or activities of their expression products {e.g., RNAs, 
proteins, etc.). RNA molecules, for example, have a number of functions and 
activities which are not directly related their ability to encode polypeptides. 
Examples of activities associated with RNA include ribozyme activity, tRNA 
activities, and the ability to hybridize to nucleic acids which have 
complementary nucleotides sequences (e.g., antisense activity, RNAi activity). 

Methods of . the invention may also be used to identify nucleic acid 
molecules which allow for silencing of genes in vivo. One method of silencing 
genes involves the production of double-stranded RNA, termed RNA 
interference (RNAi). (See, e.g., Metteefa/., EMBOJ., 19:5 194-5201 (2000)). 
Another method of silencing genes involves the production of antisense 
RNA/ribozymes fusions which comprise (1) antisense RNA corresponding to a 
target gene and (2) one or more ribozymes which cleave RNA (e.g., 
hammerhead ribozyme, hairpin ribozyme, delta ribozyme, Tetrahymena L-21 
ribozyme, etc.). Thus, expression products of nucleic acid molecules of the 
invention can be used to silence gene expression and nucleic acid molecules 
can be screened to identify those with activities related to gene silencing. 

Nucleic acid molecules can also be screened to identify those with 
functions or activities related to encoded polypeptides expression products. 
One example of such a function or activity is that the reading frame of the 
nucleic acid is "in-frame" with nucleic acid of a nucleic acid molecule to 
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which it is connected. Further examples of functions or activities of nucleic 
acids include encoding polypeptides which (1) induce immunological or other 
cellular responses (e.g., activate transcription, induce apoptosis, effect the 
stability of one or more intracellular proteins, etc.), (2) have binding affinity 
for particular ligands (e.g., small molecules, nucleic acids, functions as a 
ligand, cell surface receptors, soluble proteins, metal ions, structural elements, 
protein interaction domains, antibodies, antigens, SH3 domains, etc.), 

(3) target proteins to particular locations in cells (e.g., mitochondria, 
chloroplasts, nuclei, endoplasmic reticulum, cell membranes, etc.), (4) target 
proteins for export from cells, (5) contain sequences involved in 
post-translational modifications (e.g., glycosylation sites, ribosylation sites, 
etc.), (6) have varying degrees of solubility in aqueous solutions, (7) target 
proteins to specific locations (e.g., endoplasmic reticulum, nucleus, etc.) 
within a cell or target proteins for export from the cell, (8) alter the infectivity 
of viruses, (9) alter (e.g., increase or decrease) the solubility of proteins, (10) 
the ability to co-immune precipitated along with another molecule (e.g., a 
protein), and (1 1) have enzymatic activities (e.g., kinase activity, 
phosphorylase activity, phosphatase activity, reductase activity, oxidase 
activity, superoxide dismutase activity, catalase activity, etc.). 

Using Figure 8 for purposes of illustration, selection is used in a first 
step to identify members of a cDNA library which encode proteins that 
associate with a "bait" protein in a two-hybrid assay. Two-hybrid assays are 
been described in Yavuzer and Goding, Gene 265:93-96 (1995); Vidal et at, 
U.S. Patent No. 5,955,280; and Fields et at, U.S. Patent No. 5,283,173, and in 
Example 3 below. In most instances, two-hybrid assays are used to identify 
proteins which associate with known proteins. For example, a nucleic acid 
molecule may be constructed which encodes a polypeptide ligand linked to a 
DNA binding domain (e.g., Gal 4 Binding Domain (Gal4BD), lexA, etc.). 
Using the Gal4 system for purposes of illustration, an expression library (e.g., 
a cDNA library (full-length or partial), a library of mutagenized nucleic acid 
molecules which encode protein domains, a library which encode random 
peptides, etc.) may then be constructed which expresses a mixed population of 
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proteins linked to a DNA activation domain (e.g., Gal4 Activation Domain 
(Gal4 AD), VP22, B42, etc.). Both of these nucleic acids are then introduced 
into a yeast cell which requires Gal4 promoter gene activation for growth 
under particular conditions. Thus, because Gal4 AD and Gal4BD lack 
protein:protein interaction domains and function to activate transcription when 
brought into close proximity to each other, yeast cells will only grow when 
Gal4 AD and Gal4 BD are fused to proteins which associate with each other. 
As a result, the first step of the process shown in Figure 8 leads to nucleic acid 
molecules which are in the same reading frame as the Gal4AD coding 
sequences and encode polypeptides which associate with a "bait" protein. 

The screening of cDNA libraries enriched for molecules which 
correspond to 5 ! and 3' regions of RNAs may be used to map domains of 
proteins which associate with other protein domains. For example, multiple 
cDNA molecules which encode an interaction domains may be identified using 
a particular "bait" protein in two-hybrid assays. The sequences of these cDNA 
molecules may then be compared to identify consensus coding regions. In 
many instances, these consensus coding regions will encode a domain which 
interacts with the bait domain employed. Processes of this type are discussed 
in PCT Publication No. WO 00/66722, the entire disclosure of which is 
incorporated herein by reference. 

In many instances (e.g., when a fusion protein is to be generated as in 
Figure 8), it will be desirable to identify or prepare nucleic acid molecules 
which are in-frame with coding sequences of another nucleic acid molecules 
(e.g., a vector). Nucleic acid molecules have six potential open reading 
frames: three forward and three reverse. In many instances, recombination 
sites can be added (e.g., by the use of PCR with suitable primers) such that the 
reading frame of all, or substantially all (e.g., at least 95%), of the nucleic acid 
molecules in the population are in either forward or reverse orientation upon 
insertion into a target nucleic acid molecule. Methods for preparing 
directional cDNA libraries are described, for example, in Ohara and Temple, 
Nucleic Acids Res. 2P:E22 (2001), the entire disclosure of which is 
incorporated herein by reference. 
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Again using Figure 8 for illustration, the members of the cDNA library 
in the initial Expression Clones are flanked by attBl and attBZ sites. Thus, 
directionality of these nucleic acid molecules will be maintained upon 
recombination with, for example, a nucleic acid molecules containing attPl 
and attP2 sites, as well as in subsequent recombination reactions. 

One method for directionally cloning nucleic acid molecules is to 
introduce recombination sites the 3 f ends of the molecules by reverse 
transcription using primers which contain recombination site sequences and 
sequences which will hybridize to polyA "tails." The nucleic acid molecules 
may then be introduced into target nucleic acid molecules, as described 
elsewhere herein, by single site recombination, followed by attachment (e.g., 
by ligation) of the 5 ! end of the nucleic acid molecules to the target nucleic 
acid molecules. 

In the second step of the process shown in Figure 8, the nucleic acid 
molecules identified in the first step are inserted into a vector in-frame with a 
nucleotide sequence that encodes an epitope tag (Le. t a HIS6 tag) to generate a 
fusion protein. Thus, the resulting fusion protein may be precipitated with 
antibody having binding affinity for the epitope tag. All of the cDNA inserts 
inserted to the vector containing nucleic acid encoding the HIS6 tag, should be 
in-frame with the nucleotide sequences encoding the tag. However, due to 
factor such as steric hindrance and conformation properties, features, or 
activities specific for each fusion protein, all of the expression products of the 
nucleic acid molecules produced in the second step may not precipitate with 
antibodies having binding affinity for the epitope tag. 

As noted above, expressed proteins may be screened to identify those 
which have particular biological activities. Examples of such activities 
include binding affinity for nucleic acid molecules (e.g., DNA or RNA) or 
other proteins. In particular, expressed proteins may be screened to identify 
those with binding affinity for either other proteins or themselves. Proteins 
which have binding affinities for themselves will generally be capable of 
forming multimers or aggregates. Proteins which have binding affinities for 
themselves and/or other proteins will often be capable of forming or 
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participating in the formation of multi-protein complexes such as antibodies, 
splicesomes, multi-subunit enzymes, multi-subunit enzymes, ribosomes, etc. 
Further included within the scope of the invention are the expressed proteins 
described above, nucleic acid molecules which encodes these proteins, 
methods for making these nucleic acid molecules, methods for producing 
recombinant host cells which contain these nucleic acid molecules, 
recombinant host cells produced by these methods, and methods for producing 
the expressed proteins. 

One example of a protein characteristic which is readily assayable is 
solubility. For example, fluorescence generated by GFP is quenched when an 
insoluble GFP fusion protein is produced. Further, alterations in a relatively 
small number of amino acid residues of a protein (e.g., one, two, three, four, 
etc.), when appropriately positioned, can alter the solubility of that protein. 
Thus, libraries which express GFP fusion proteins can be used to isolate 
proteins and protein variants which have altered solubility. In one specific 
example, a combinatorial library designed to express GFP fused with variants 
of a single, insoluble polypeptide can be used to isolate nucleic acid molecules 
which encode soluble variants of the polypeptide. 

In addition, the nucleic acid molecules of these libraries may encode 
variable domains of antibody molecules (e.g., variable domains of antibody 
light and heavy chains). In specific embodiments, the invention provides 
screening methods for identifying nucleic acid molecules which encode 
proteins having binding specificity for one or more antigens. 

In certain specific embodiments, the one or more libraries referred to 
above comprise polynucleotides which encode variable domains of antibody 
light and heavy chains. In related embodiments, at least one nucleic acid 
segment is located between nucleic acid which encodes the variable domains. 
This intervening nucleic acid encodes a polypeptide linker for connecting 
variable domains of antibody molecules. In specific embodiments, the protein 
complex identified by methods of the invention comprises an antibody 
molecule or multivalent antigen-binding protein comprising at least two 
single-chain antigen-binding protein. 
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A number of methods have been developed for preparing combinatorial 
libraries of antibody molecules. For example, large libraries of wholly or 
partially synthetic antibody combining sites, or paratopes, have been 
constructed utilizing filamentous phage display vectors, referred to as 
5 phagemids, yielding large libraries of monoclonal antibodies having diverse 

and novel immunospecificities. This technology uses a filamentous phage coat 
protein membrane anchor domain as a means for linking gene-product and 
gene during the assembly stage of filamentous phage replication, and has been 
used for the cloning and expression of antibodies from combinatorial libraries. 

10 (Kang et al, Proc. Natl Acad. ScL, USA, 55:4363-4366 (1991).) 

Combinatorial libraries of antibodies have been produced using both the 
cpvm membrane anchor (Kang et al, Proc. Natl Acad ScL, USA, 55:4363- 
4366 (1991)) and the cpIII membrane anchor (Barbas et al, Proc. Natl Acad. 
Set, USA, 55:7978-7982 (1991)). 

15 The diversity of a filamentous phage-based combinatorial antibody 

library can be increased, for example, by shuffling of the heavy and light chain 
genes (Kang et al, Proc. Natl Acad. ScL, USA, 55:11120-11123 (1991)), by 
altering the complementarity determining region 3 (CDR3) of the cloned 
heavy chain genes of the library (Barbas et al, Proc. Natl Acad. ScL, USA, 

20 59:4457-4461 (1992)), and by introducing random mutations into the library 

by error-prone polymerase chain reactions (PCR) (Gram et al, Proc. Natl 
Acad. ScL, USA, 59:3576-3580 (1992)), Further, various cloning systems for 
producing combinatorial libraries have beeii described by others. The 
preparation of combinatorial antibody libraries on phagemids are described, 

25 for example, in Kang et al., Proc. Natl Acad. ScL, USA, 55:4363-4366 (1991); 

Barbas et al, Proc. Natl Acad. ScL, USA, 55:7978-7982 (1991); Zebedee et 
al., Proc. Natl Acad. Sci., USA, 59:3175-3179 (1992); Kang et al, Proc. Natl 
Acad ScL, USA, 55:11120-11123 (1991); Barbas etal, Proc. Natl Acad ScL, 
USA, 59:4457-4461 (1992); and Gram et al, Proc. Natl. Acad ScL, USA, 

30 59:3576-3580 (1992), the disclosures of each of which are hereby incorporated 

by reference. 

The present invention relates generally to methods for producing novel 
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antibody molecules and single-chain antigen-binding proteins by the 
preparation of diverse libraries of antibody domain (e.g., variable light and 
variable heavy immunoglobin domains), and subsequent screening of such 
libraries to identify molecules having particular binding specificities. Such 
antibody molecules may be obtained by screening for expression products 
which demonstrate binding affinity for one or more antigens. For example, 
protein expression products encoded by a library and displayed on the surface 
of a filamentous phage (e.g., gUI phage) may be screened to identify those 
which bind to one or more preselected antigens. 

Furthermore, libraries of variable light and variable heavy 
immunoglobin domains (i.e. f the variable regions of light and heavy chains) 
may be combined to form random pairings of species of variable heavy and 
variable light chains, yielding unique heterodimers. Such combinations can be 
conducted in a variety of ways, as described further herein, including (1) 
combining a single variable heavy domain to a library of variable light 
domains, (2) combining a single variable light domain to a library of variable 
heavy domains, (3) combining a randomized variable light or variable heavy 
domain against a single variable heavy or variable light domain, respectively, 
(4) combining a randomized variable light or variable heavy domain against a 
variable heavy or variable light domain library, respectively, and (5) 
combining a randomized variable light or variable heavy domain against a 
randomized variable heavy or variable light domain, respectively. Other 
permutations are also apparent. The variable light and heavy domains referred 
to above may be on the same or different protein chains. Single-chain 
antigen-binding proteins are one example of where variable light and heavy 
domains may be on a single protein chain. 

By randomized is meant generally to connote the preparation of a 
library of nucleic acid molecules encoding variable light and variable heavy 
immunoglobin domains by mutagenesis. 

One permutation of the above methods to produce an antibody 
repertoire is by the use of randomized nucleic acid molecules encoding 
variable light domain nucleic acids combined with a variable heavy domain 
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library, and particularly combined with a randomized variable heavy domain 
library. Other embodiments of the invention involve methods which employ a 
"universal light chain", or a variable light domain thereof Immunoglobulin 
light chains which have the ability to complex into a functional heterodimer 
with any of a variety of heavy chains, and therefore are referred to as 
"universal light chains" to connote their ability to be used with a variety of 
heavy chains are described in Barbas et a/., U.S. Patent No. 6,096,551 and may 
be used in methods of the invention. In one embodiment, a randomized 
universal light chain against a heavy chain or heavy chain library is screened to 
identify antigen-binding proteins having specificity for one or more antigens. 

Nucleic acid molecules of the invention can also be screened to 
identify those which complement a cellular gene upon expression in a host cell 
(e.g., an animal cell) or confer a phenotypic property, feature, or activity upon 
a host cell. Thus, nucleic acid molecules of the invention can be used, for 
example, to prepare gene therapy vectors designed to replace genes which 
reside in the genome of a cell, to delete such genes, or to insert a heterologous 
gene or groups of genes. When nucleic acid molecules of the invention 
function to delete or replace a gene or genes, the gene or genes being deleted 
or replaced may lead to the expression of either a "normal" phenotype or an 
aberrant phenotype (e.g., the disease cystic fibrosis). Further, the gene therapy 
vectors may be either stably maintained (e.g., integrate into cellular nucleic 
acid by homologous recombination) or non-stably maintained in cells. 

Nucleic acid molecules of the invention may also be used to suppress 
"abnormal" phenotypes or complement or supplement "normal" phenotypes 
which result from the expression of endogenous genes. One example of a 
nucleic acid molecule of the invention designed to suppress an abnormal 
phenotype would be where an expression product of the nucleic acid molecule 
has dominant/negative activity. An example of a nucleic acid molecule of the 
invention designed to supplement a normal phenotype would be where 
introduction of the nucleic acid molecule effectively results in the 
amplification of a gene resident in the cell. 
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As an example, protocols similar to the following may be used to 
design and produce gene therapy vectors. Nucleic acid molecules of a cDNA 
library may be screened to identify nucleic acid molecules which encode a 
product (e.g., CFTR) which can alleviate manifestations resulting from a 
genetic defect (e.g., cystic fibrosis). These nucleic acid molecules may be 
identified, for example, by screening for nucleic acid molecules which encode 
expression products which can complement cellular effects resulting from the 
particular genetic defect or by the ability to hybridize to a primer having a 
sequence derived from a gene known to be associated with the particular 
defect. Further, processes of the invention may also be used to identify 
promoter elements which function in the cells in which the genetic defect is 
manifested. Such promoters may be constitutive or tissue-specific. 

Once the nucleic acid molecules described above have been identified 
and isolated, nucleic acid molecules which encode a product may be operably 
linked to the promoter element. Further, the operably linked nucleic acid 
conjugate may then be placed in a vector suitable for gene therapy (e.g., an 
adenoviral vectors), as described elsewhere herein. 

Thus, in related aspects, the invention provides gene therapy vectors 
which express one or more expression products (e.g., one or more fusion 
proteins), methods for producing such vectors, methods for performing gene 
therapy using vectors of the invention, expression products of such vector 
(e.g., encoded RNA and/or proteins), and host cells which contain vectors of 
the invention. 

For general reviews of the methods of gene therapy, see Goldspiel et 
al., 1993, Clinical Pharmacy 12:488-505; Wu and Wu, 1991, Biotherapy 3:87- 
95; Tolstoshev, 1993, Ann. Rev. Pharmacol. Toxicol. 32:573-596; Mulligan, 
1993, Science 260:926-932; and Morgan and Anderson, 1993, Ann. Rev. 
Biochem. 62:191-217; May, 1993, T1BTECH 11(5): 155-215). Methods 
commonly known in the art of recombinant DNA technology which can be 
used are described in Ausubel et al (eds.), 1993, Current Protocols in 
Molecular Biology, John Wiley & Sons, NY; and Kriegler, 1990, Gene 
Transfer and Expression, A Laboratory Manual, Stockton Press, NY. 
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In another specific embodiment, viral vectors that contains nucleic acid 
sequences encoding an antibody or other antigen-binding protein of the 
invention are used. For example, a retroviral vector can be used (see Miller et 
al, Meth. Enzymol. 217:581-599 (1993)). These retroviral vectors have been 
used to delete retroviral sequences that are not necessary for packaging of the 
viral genome and integration into host cell DNA. The nucleic acid sequences 
encoding the antibody to be used in gene therapy are cloned into one or more 
vectors, which facilitates delivery of the gene into a patient. More detail about 
retroviral vectors can be found in Boesen et al f Biotherapy 6:291-302 (1994), 
which describes the use of a retroviral vector to deliver the mdrl gene to 
hematopoietic stem cells in order to make the stem cells more resistant to 
chemotherapy. Other references illustrating the use of retroviral vectors in 
gene therapy are: Clowes et al, 1994, J. Clin. Invest. 93:644-651; Kiem et al.> 
1994, Blood 83:1467-1473; Salmons and Gunzberg, 1993, Human Gene 
Therapy 4:129-141; and Grossman and Wilson, 1993, Curr. Opin. in Genetics 
and Devel. 3:110-114. 

Adenoviruses are other viral vectors that can be used in gene therapy. 
Adenoviruses are especially attractive vehicles for delivering genes to 
respiratory epithelia and the use of such vectors are included within the scope 
of the invention. Adenoviruses naturally infect respiratory epithelia where 
they cause a mild disease. Other targets for adenovirus-based delivery systems 
are liver, the central nervous system, endothelial cells, and muscle. 
Adenoviruses have the advantage of being capable of infecting non-dividing 
cells. Kozarsky and Wilson, 1993, Current Opinion in Genetics and 
Development 3:499-503 present a review of adenovirus-based gene therapy. 
Bout et cd., 1994, Human Gene Therapy 5:3-10 demonstrated the use of 
adenovirus vectors to transfer genes to the respiratory epithelia of rhesus 
monkeys. Other instances of the use of adenoviruses in gene therapy can be 
found in Rosenfeld et al, 1991, Science 252:431-434; Rosenfeld et al, 1992, 
Cell 68:143- 155; Mastrangeli et a/., 1993, J. Clin. Invest. 91:225-234; PCT 
Publication Nos. W094/12649 and WO 96/17053; U.S. Patent No. 5,998,205; 
and Wang et al, 1995, Gene Therapy 2:775-783, the disclosures of all of 
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which are. incorporated herein by reference in their entireties. In a one 
embodiment, adenovirus vectors are used. 

Adeno-associated virus (AAV) and Herpes viruses, as well as vectors 
prepared from these viruses have also been proposed for use in gene therapy 
(Walsh et al, 1993, Proc. Soc. Exp, Biol Med 204:289-300; U.S. Patent No. 
5,436,146; Wagstaff et al, Gene Ther. 5:1566-70 (1998)). Herpes viral 
vectors are particularly useful for applications where gene expression is 
desired in nerve cells. 

Another approach to gene therapy involves transferring a gene to cells 
in tissue culture by such methods as electroporation, lipofection, calcium 
phosphate mediated transfection, or viral infection. Usually, the method of 
transfer includes the transfer of a selectable marker to the cells. The cells are 
then placed under selection to isolate those cells that have taken up and are 
expressing the transferred gene. Those cells are then delivered to a patient. 

In this embodiment, the nucleic acid is introduced into a cell prior to 
administration in vivo of the resulting recombinant cell. Such introduction can 
be carried out by any method known in the art, including but not limited to 
transfection, electroporation, microinjection, infection with a viral or 
bacteriophage vector containing the nucleic acid sequences, cell fusion, 
chromosome-mediated gene transfer, microcell-mediated gene transfer, 
spheroplast fusion, etc. Numerous techniques are known in the art for the 
introduction of foreign genes into cells (see, e.g., Loeffler and Behr, 1993, 
Meth. Enzymol. 217:599-618; Cohen et al, 1993, Meth. Enzymol. 217:618- 
644; Cline, 1985, Pharmac. Ther. 29:69-92) and may be used in accordance 
with the present invention, provided that the necessary developmental and 
physiological functions of the recipient cells are not disrupted. The technique 
should provide for the stable transfer of the nucleic acid to the cell, so that the 
nucleic acid is expressible by the cell and, optionally, heritable and expressible 
by its cell progeny. 

In a specific embodiment, nucleic acid molecules to be introduced for 
purposes of gene therapy comprises an inducible promoter operably linked to 
the coding region, such that expression of the nucleic acid molecules are 
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controllable by controlling the presence or absence of the appropriate inducer 
of transcription. 

In brief, each target nucleic acid molecule may comprise, in addition to 
one or more recombination sites (e.g., two, three, four, five, seven, ten, twelve, 
fifteen, twenty, thirty, fifty, etc.), a variety of sequences (or combinations 
thereof) including, but not limited to sequences suitable for use as primer sites 
(e.g., sequences which a primer such as a sequencing primer or amplification 
primer may hybridize to initiate nucleic acid synthesis, amplification or 
sequencing), transcription or translation signals or regulatory sequences such 
as promoters or enhancers, ribosomal binding sites, Kozak sequences, start 
codons, transcription and/or translation termination signals such as stop 
codons (which may be optimally suppressed by one or more suppressor tRNA 
molecules), origins of replication, selectable markers, and coding regions 
which may be used to create protein fusions (e.g., N-terminal or carboxy 
terminal) such as glutathione S-transferase (GST), {^-glucuronidase (GUS), the 
Fc portion of an immunoglobin, an antibody, histidine tags (HIS6), green 
fluorescent protein (GFP), yellow fluorescent protein (YFP), cyan fluorescent 
protein (CFP), open reading frame (ORF) sequences a transcription activation 
domain, a protein or domain involved in translation, protein localization tag, a 
protease cleavage site, a protein stabilization or destabalization sequence, a 
protein interaction domains, a binding domain for DNA, a protein substrate, a 
purification tag (e.g., an epitope tag, maltose binding protein, a six histidine 
tag, glutathione S-transferase, etc.), and any other sequence of interest which 
may be desired or used in various molecular biology techniques including 
sequences for use in homologous recombination (e.g., for use in gene 
targeting). 

Recombination Systems and Recombination Sites 

Recombination sites for use in the invention may be any nucleic acid 
that can serve as a substrate in a recombination reaction. Such recombination 
sites may be wild-type or naturally occurring recombination sites, or modified, 
variant, derivative, or mutant recombination sites. Examples of recombination 
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sites for use in the invention include, but are not limited to, X phage 
recombination sites (such as att]? f atiB y atiL, and attR and mutants or 
derivatives thereof) and recombination sites from other bacteriophage such as 
HP1, S2, phi80, P22, P2, 186, P4 and PI (including lox sites such as loxP, 
loxPSll, and variants thereof). Mutated att sites (e.g., attB 1-10, attV 1-10, 
attR 1-10 and atfL 1-10) are described in U.S. AppL No. 60/136,744, filed 
May 28, 1999; U.S. Appl. No. 09/517,466, filed March 2, 2000; and PCT 
Publication No. WO 00/52027, each of which are specifically incorporated 
herein by reference. Different site specificities allow directional cloning or 
linkage of desired molecules thus providing desired orientation of the cloned 
molecules. Other recombination sites having unique specificity (t.e., a first 
site will recombine with its corresponding site and will not recombine with a 
second site having a different specificity) are known to those skilled in the art 
and may be used to practice the present invention. Corresponding 
recombination proteins for these systems may be used in accordance with the 
invention with the indicated recombination sites. 

Other systems providing recombination sites and recombination 
proteins for use in the invention include the FUP/FRT system from 
Saccharomyces cerevisiae, the resolvase family (e.g., jRmvC, yA, TndX, TnpX, 
Tn3 resolvase, Hin, Hjc, Gin, SpCCEl, ParA, and Cin), and IS231 and other 
Bacillus thuringiensis transposable elements. Other suitable recombination 
systems for use in the present invention include the XerC and XerD 
recombinases and the psi, dif and cer recombination sites in Escherchia coli. 
Other suitable recombination sites may be found in United States patent no. 
5,851,808 issued to Elledge and Liu which is specifically incorporated herein 
by reference. Recombination proteins and mutant, modified, variant, or 
derivative recombination sites for use in the invention include those described 
in U.S. Patent Nos. 5,888,732 and 6,143,557, and in U.S. AppL No. 
09/438,358 (filed November 12, 1999), U.S. Appl. No. 60/108,324 (filed 
November 13, 1998), U.S. Appl. No. 09/732,914 (filed December 11, 2000), 
U.S. Appl. No. 09/517,466 (filed March 2, 2000), and U.S. AppL No. 
60/136,744 (filed May 28, 1999), as well as those associated with the 
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Gateway™ Cloning Technology available from Invitrogen Corp., Carlsbad, 
CA, the entire disclosure of each of which is specifically incorporated herein 
by reference. Recombination cloning methods are also described in Esposito 
et al f "Compositions and Methods for Recombinational Cloning of Nucleic 

5 Acid Molecules," filed in the U.S. Patent & Trademark Office on March , 

2001, the entire disclosure of which is incorporated herein by reference. 

In certain embodiments, recombination sites used in compositions and 
methods of the invention do not include loxP and/or loxPSll sites. 

Two primary reactions constitute the Gateway™ Cloning System, as 

10 depicted generally in Figure 9. The first of these reactions, the LR Reaction 

(Figure 10A), which may also be referred to interchangeably herein as the 
Destination Reaction, is the main pathway of this system. The LR Reaction is 
a recombination reaction between an Entry vector or clone and a Destination 
Vector, mediated by a cocktail of recombination proteins such as the 

15 Gateway™ LR Clonase™ Enzyme Mix described herein. In the 

embodiment shown in Figure 10A, this reaction transfers nucleic acid 
molecules of interest (which may be genes, cDNAs, cDNA libraries, or 
fragments thereof) from the Entry Clone to an Expression Vector, to create an 
Expression Clone. 

20 The sites labeled L, R, B, and P in Figures 10A and 10B are 

respectively the attL, attR, atiB, and attV recombination sites for the 
bacteriophage X recombination proteins that constitute the Clonase™ 
cocktail (referred to herein variously as "Clonase™" or "Gateway™ LR 
Clonase™ Enzyme Mix" (for recombination protein mixtures mediating atth 

25 x attR recombination reactions, as described herein) (Invitrogen Corp., 

Carlsbad, CA, catalog number 11791-019) or "Gateway™ BP Clonase™ 
Enzyme Mix" (for recombination protein mixtures mediating attB x att? 
recombination reactions, as described herein) (Invitrogen Corp., Carlsbad, CA, 
catalog number 11789-013)). The recombinational cloning reactions are 

30 equivalent to concerted, highly specific, cutting and ligation reactions. 

Viewed in this way, the recombination proteins cut, for example, to the left 
and right of the nucleic acid molecule of interest in the Entry Clone and ligate 
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it into the Destination vector, creating a new Expression Clone. 

The nucleic acid insert in an Expression Clone is generally flanked by 
the small attBl and attBl sites. The orientation and reading frame of the 
nucleic acid insert are maintained throughout the subcloning, because attlA 
5 reacts only with attRl, and attl2 reacts only with attRl Likewise, attBl 

reacts only with att?l 9 and attB2 reacts only with attP2. Thus, the invention 
also relates to methods of controlled or directional cloning using the 
recombination sites of the invention (or portions thereof), including variants, 
fragments, mutants and derivatives thereof which may have altered or 

10 enhanced specificity. The invention also relates more generally to any number 

of recombination site partners or pairs (where each recombination site is 
specific for and interacts with its corresponding recombination site). Such 
recombination sites may be made by mutating or modifying the recombination 
site to provide any number of necessary specificities, non-limiting examples of 

15 which are described in Figure 13A-13C. 

Using embodiments shown in Figure 10A-10B for purposes of 
illustration, when an aliquot from the recombination reaction is transformed 
into host cells (e.g., E. coli) and spread on plates containing an appropriate 
selection agent (e.g., an antibiotic such as ampicillin), cells that take up the 

20 desired clone form colonies. The unreacted Destination Vector does not give 

ampicillin-resistant colonies, even though it carries the ampicillin-resistance 
gene, because it contains a toxic gene (e.g., ccdB). Thus, selection for 
ampicillin resistance selects for K coli cells that carry the desired product, 
which usually comprise >90% of the colonies on the ampicillin plate. 

25 To participate in the recombinational cloning reaction, a nucleic acid 

insert (e.g., an individual member of a cDNA library) first may be cloned into 
an Entry Vector, creating an Entry Clone. Multiple options are available for 
creating Entry Clones, including: cloning of PCR sequences with terminal 
attB recombination sites into Entry Vectors; using the GATEWAY™ Cloning 

30 System recombination reaction; transfer of genes from libraries prepared in 

Gateway™ Cloning System vectors by recombination into Entry Vectors; 
cloning of restriction enzyme-generated fragments and PCR fragments into 
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Entry Vectors by standard recombinant DNA methods, and topoisomerase 
cloning. These approaches are discussed in further detail herein. 

A key advantage of the Gateway™ Cloning System is that a nucleic 
acid molecule of interest (or even a population of nucleic acid molecules of 
interest) present as an Entry Clone can be subcloned in parallel into one or 
more Destination Vectors in a simple reactions for anywhere from about 30 
seconds to about 60 minutes (e.g., about 1-60 minutes, about 1-45 minutes, 
about 1-30 minutes, about 2-60 minutes, about 2-45 minutes, about 2-30 
minutes, about 1-2 minutes, about 30-60 minutes, about 45-60 minutes, or 
about 30-45 minutes). Longer reaction times (e.g., 2-24 hours, or overnight) 
may increase recombination efficiency, particularly where larger nucleic acid 
molecules are used. Moreover, a high percentage of the colonies obtained 
carry the desired Expression Clone. This process is illustrated schematically in 
Figure 11, which shows an advantage of the invention in which the molecule 
of interest can be moved simultaneously or separately into multiple 
Destination Vectors. In the LR Reaction, one or both of the nucleic acid 
molecules to be recombined may have any topology {e.g., linear, relaxed 
circular, nicked circular, supercoiled, etc.). 

The second major pathway of the Gateway™ Cloning System is the 
BP Reaction (Figure 10B), which may also be referred to interchangeably 
herein as the Entry Reaction or the Entry Reaction. The BP Reaction may 
recombine an Expression Clone with a Donor Plasmid (the counterpart of the 
by-product in Figure 9). This reaction transfers the nucleic acid molecule of 
interest (which may have any of a variety of topologies, including linear, 
coiled, supercoiled, etc.) in the Expression Clone into an Entry Vector, to 
produce a new Entry Clone. Once this nucleic acid molecule of interest is 
cloned into an Entry Vector, it can be transferred into new Expression Vectors, 
through the LR Reaction as described above. In the BP Reaction, one or both 
of the nucleic acid molecules to be recombined may have any topology (e.g., 
linear, relaxed circular, nicked circular, supercoiled, etc.). 

One variation of the BP Reaction permits rapid cloning and expression 
of products of amplification (e.g., PCR) or nucleic acid synthesis. 
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Amplification (e.g., PCR) products synthesized with primers containing 
terminal 25 base pair attB sites serve as efficient substrates for the Entry 
Cloning reaction. Such amplification products may be recombined with a 
Donor Vector to produce an Entry Clone (see Figure 10B). The result is an 
Entry Clone containing the amplification fragment. Such Entry Clones can 
then be recombined with Destination Vectors - through the LR Reaction to 
yield Expression Clones of the PCR product. 

Additional details of the LR Reaction are shown in Figure 10A. The 
Gateway™ LR Clonase™ Enzyme Mix that mediates this reaction contains 
lambda recombination proteins Int (Integrase), Xis (Excisionase), and IHF 
(Integration Host Factor). In contrast, the Gateway™ BP Clonase™ 
Enzyme Mix, which mediates the BP Reaction (Figure 10B), comprises Int 
and IHF alone. 

The recombination (atf) sites of each vector comprise two distinct 
segments, donated by the parental vectors. The staggered lines dividing the 
two portions of each att site, depicted in Figures 10A and 10B, represent the 
seven-base staggered cut produced by Int during the recombination reactions. 
This structure is seen in greater detail in Figure 12, which displays attB 
recombination site sequences of an Expression Clone, generated by 
recombination between the atiLl and atfL2 sites of an Entry Clone and the 
atfRl and atiR2 sites of a Destination Vector. 

In one embodiment, a nucleic acid molecule of interest in an 
Expression Clone is flanked by attB sites: attBl to the left (amino terminus) 
and atiB2 to the right (carboxy terminus). The bases in attBl to the left of the 
seven-base staggered cut produced by Int are derived from the Destination 
vector, and the bases to the right of the staggered cut are derived from the 
Entry Vector (see Figure 12). Note that the sequence is displayed in triplets 
corresponding to an open reading frame. If the reading frame of the nucleic 
acid molecule of interest cloned in the Entry Vector is in phase with the 
reading frame shown for attBl, amino-terminal protein fusions can be made 
between the nucleic acid molecule of interest and any Gateway™ Cloning 
System Destination Vector encoding an amino-terminal fusion domain. Entry 
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Vectors and Destination Vectors that enable cloning in all three reading 
frames. 

The LR Reaction allows the transfer of a desired nucleic acid molecule 
of interest into new Expression Vectors by recombining a Entry Clone with 
5 various Destination Vectors, To participate in the LR or Destination Reaction, 

however, a nucleic acid molecule of interest may first be inserted into a vector 
to generate an Entry Clone. Entry Clones can be made in a number of ways, as 
shown in Figure 14. 

One approach is to clone the nucleic acid molecule of interest into one 

10 or more of the Entry Vectors, using standard recombinant DNA methods, with 

restriction enzymes and ligase. The starting DNA fragment can be generated 
by restriction enzyme digestion or as a PCR product. The fragment is cloned 
between the attlA and attL2 recombination sites in the Entry Vector. Note 
that a toxic or "death" gene (e.g., ccdB), provided to minimize background 

15 colonies from incompletely digested Entry Vector, must be excised and 

replaced by the nucleic acid molecule of interest. 

A second approach to making an Entry Clone (Figure 14) is to make a 
library (e.g., genomic library, cDNA library, synthetic nucleic acid library, 
etc.) in an Entry Vector, as described in detail herein. Such libraries may then 

20 be transferred into Destination Vectors for expression screening, for example, 

in appropriate host cells such as yeast cells or mammalian cells. 

A third approach to making Entry Clones (Figure 14) is to use 
Expression Clones obtained from cDNA molecules or libraries prepared in 
Expression Vectors. Such cDNAs or libraries, flanked by attB sites, can be 

25 introduced into a Entry Vector by recombination with a Donor Vector via the 

BP Reaction. If desired, an entire Expression Clone library can be transferred 
into the Entry Vector through the BP Reaction. Expression Clone cDNA 
libraries may also be constructed in a variety of prokaryotic and eukaryotic 
GATEWAY™-modified vectors (e.g., pDESTl (see, e.g., Figures 17A-17D)). 

30 A fourth, and potentially most versatile, approach to making an Entry 

Clone (Figure 14) is to introduce a sequence for a nucleic acid molecule of 
interest into an Entry Vector by amplification (e.g., PCR) fragment cloning. 
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The DNA sequence first is amplified (for example, with PCR) using primers 
comprising two or more (e.g., two, three, four, five, six, seven, eight, nine, ten, 
eleven, twelve, thirteen, fourteen, fifteen, sixteen, seventeen, eighteen, 
nineteen, twenty, twenty-one, twenty-two, twenty-three, twenty-four, or 
twenty-five nucleotides of the attB nucleotide sequences (such as, but not 
limited to, those depicted in Figure 12 or Figure 13A-13C). Optionally one or 
more, two or more, three or more, four or more, or four or five or more 
additional terminal nucleotide bases may be guanines. The PCR product then 
may be converted to a Entry Clone by performing a BP Reaction, in which the 
affB-PCR product recombines with a Donor Vector containing one or more 
atiP sites and, optionally, one or more topoisomerase cloning sites. 

A variety of Entry Clones may be produced by these methods, 
providing a wide array of cloning options; a number of specific Entry Vectors 
are also available commercially from Invitrogen Corp., Carlsbad, CA. 

Entry Vectors and Destination Vectors will often be constructed so that 
the amino-terminal region of a nucleic acid insert (e.g., a member of a cDNA 
library) will be positioned next to the attlA site. Entry Vectors may contain 
the rrnB transcriptional terminator upstream of the attLl site. This sequence 
ensures that expression of cloned nucleic acid molecules of interest is reliably 
"off" in E. coli, so that even toxic genes can be successfully cloned. Thus, 
Entry Clones may be designed to be transcriptionally silent. Note also that 
Entry Vectors, and hence Entry Clones, may contain the kanamycin antibiotic 
resistance (kan 1 ) gene to facilitate selection of host cells containing Entry 
Clones after transformation. In certain applications, however, Entry Clones 
may contain other selection markers, including but not limited to a gentamycin 
resistance (gen 1 ) or tetracycline resistance (tet 1 ) gene, to facilitate selection of 
host cells containing Entry Clones after transformation. 

Once a nucleic acid molecule of interest has been cloned into an Entry 
Vector, it may be moved into a Destination Vector. The upper right portion of 
Figure 10A shows a schematic of a Destination Vector. The thick arrow 
represents some function (often transcription or translation) that will act on the 
nucleic acid molecule of interest in the clone. In this example, during the 
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recombination reaction, the region between the attRl and attR2 sites, 
including a gene which encodes a product which either is toxic (e.g., ccdB) or 
inhibits growth, is replaced by the DNA segment from the Entry Clone. 
Selection for recombinants that have acquired the ampicillin resistance (amp 1 ) 
5 gene (carried on the Destination Vector) and that have also lost the gene which 

encodes the toxic or growth inhibitory product ensures that a high percentage 
(usually >90%) of the resulting colonies will contain the correct insert. 

To move a nucleic acid molecule of interest into a Destination Vector, 
the Destination Vector is mixed with the Entry Clone comprising the desired 
10 nucleic acid molecule of interest, a cocktail of recombination proteins (e.g., 

Gateway™ LR Clonase™ Erayme Mix) is added, the mixture is incubated 
(e.g., at about 25°C for about 15 minutes, or longer under certain 
circumstances, e.g., for transfer of large nucleic acid molecules, as described ^ 
below) and any standard host cell (including bacterial cells such as E. coli; 
15 • animal cells such as insect cells, mammalian cells, nematode cells and the like; 

plant cells; and yeast cells) strain is transformed with the reaction mixture. 
The host cell used will be determined by the desired selection (e.g., E. coli 
DB3.1, available commercially from Invitrogen Corp., Carlsbad, CA, allows 
survival of clones containing the ccdB death gene, and thus can be used to 
20 select for cointegrate molecules - i.e., molecules that are hybrids between the 

Entry Clone and Destination Vector). The Examples below provide further 
details and protocols for use of Entry and Destination Vectors in transferring 
nucleic acid molecules of interest. 

The cloning system of the invention therefore offers multiple 
25 advantages: 

• Once a nucleic acid molecule of interest is cloned into the Gateway™ 
Cloning System, it can be moved into and out of other vectors with 
complete fidelity of reading frame and orientation. That is, since the 
reactions proceed whereby attLl on the Entry Clone recombines with 
30 attRl on the Destination Vector, the directionality of the nucleic acid 

molecule of interest is maintained or may be controlled upon transfer 
from the Entry Clone into the Destination Vector. Hence, the 
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Gateway™ Cloning System provides a powerful and easy method of 
directional cloning of nucleic acid molecule of interest. 
One-step cloning or subcloning: Entry Clones and the Destination 
Vectors can be mixed with LR Clonase™, incubated, and used to 
transform cells. 

PCR products can be readily cloned by adding attB sites to PCR 
primers, followed by in vitro recombination. The cloned products can 
then be directly transfer from resulting Entry Clones into Destination 
Vectors. This process may also be carried out in one step. 
Powerful selections give high reliability: >90% ( and often >99%) of 
the colonies contain the desired DNA in its new vector. 
Conversion of existing standard vectors into Gateway™ Cloning 
System vectors can be done in one step. Such processes are ideal for 
large vectors or those with few cloning sites. Further, recombination 
sites are short (25 base pairs), and may be engineered to contain no 
stop codons or secondary structures. 

Reactions may be automated, for high-throughput applications (e.g., for 

diagnostic purposes or for therapeutic candidate screening). 

The reactions are economical: 0.3 fig of each DNA may be used and 

no restriction enzymes, phosphatase, ligase, or gel purification are 

necessary. Further, the reactions work well with miniprep DNA. 

Multiple clones, and even libraries, may be transferred into one or 

more Destination Vectors, in a single experiment 

A variety of Destination Vectors may be produced, for applications 

including, but not limited to: 

a) . Protein expression in E. colL For example, native proteins 
or fusion proteins (e.g., fusions with GST, His6, thioredoxin, etc. for 
protein purification, or with one or more epitope tags) may be 
expressed. Further, any promoter useful in expressing proteins in E. 
coli may be used. Examples of such promoters include lac, trp, ptrc, 
and T7 promoters. 

b) . Protein expression in eukaryotic cells. For example, native 
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proteins or fusion proteins, as set out above, may be expressed. 
Further, any promoter useful in expressing proteins in eukaryotic cells 
may be used. Examples of such promoters include the baculovirus 
polyhedrin, SP6, metallothionein I, Autographa californica nuclear 
5 polyhidrosis virus, Semliki Forest virus, Tet, CMV, Gall, GallO, and 

17 promoters. 

c) . DNA sequencing {e.g., using lac primers, RNA probes, 
phagemids, etc.). 

d) . Gene therapy. 

10 e). Expression cloning. 

f) . Bacterial artificial chromosome (BAC) production. 

g) . Yeast artificial chromosome (YAC) production. 

h) . Human artificial chromosome (HAC) production. 

i) . Pl-based replicon artificial chromosome (PAC) production. 
15 A variety of Entry Vectors (for recombinational cloning entry by 

standard recombinant DNA methods) may be produced: 

a) . Strong transcription stop just upstream, for genes toxic to E. 

colt 

b) . Three reading frames. 

20 c). With or without TEV protease cleavage site. 

d) . Motifs for prokaryotic and /or eukaryotic translation. 

e) . Compatible with commercial cDNA libraries. 
Expression Clone cDNA (attB) libraries, for expression screening, 
including two-hybrid libraries and phage display libraries, may also be 

25 constructed. 

The transfer reactions described herein may be accomplished using the 
described recombinational cloning process in a single step or in multiple steps. 
For example, an initial population flanked by attB recombination sites, mixed 
with an appropriate attP vector (e.g., pDONR201 (Invitrogen Corp., Carlsbad, 

30 CA, Cat. No. 11798-014)) and BP Clonase™ to generate Entry Clones 

flanked by attL sites. This population may be isolated (in vivo or in vitro) and 
used subsequently for additional future transfer reactions. Alternatively, the 
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desired second vector background (Destination Vector) may be added directly 
to the first in vitro transferred population, along with LR Clonase™, to 
generate a further population of molecules in a new vector background 
(flanked by attB sites in an Expression Clone) upon which the next selection 
may be applied. 

In one embodiment, the initial and/or resulting population is flanked by 
attBl and attWl sites. In another embodiment, the initial and/or resulting 
population is flanked by atiLl and attl2 sites. Such an organization maintains 
orientation of the transfening population. Other site-specific recombination 
systems (other lambdoid or lambdoid-like systems, Cre/loxP, Hp/FRT, and 
those described broadly elsewhere as mediating site-specific recombination or 
transposition, etc.) can be designed to perform this process in an analogous 
manner. Examples of lox sites which differ in recombination specificity are 
disclosed in PCT Publication No. WO 01/11058, the entire disclosure of which 
is incorporated herein by reference. 

It should be noted that not all selection schemes require that orientation 
be maintained. In cases where maintenance of orientation is not required, the 
DNA segment of interest might be flanked by a single recombination site (e.g., 
arrBl-DNA segment-atfBl). Here also, other recombination systems can be 
applied, and in some cases may be preferable. These approaches may or may 
not be supplemented with additional selection schemes {e.g., site-DNA 
segment-selection marker-site) to facilitate the identification or removal of 
starting or product populations or members thereof. 

It will be appreciated that just as a population or subpopulation can be 
identified or selected for as a result of functions supplied by the vector (or the 
Insert Clone or the vector and insert combination), so might a population or 
subpopulation be selected against or removed from a population prior to 
subsequent transfers. Moreover, that selection may include inhibiting the 
transfer itself, such that a particular population is sequestered or inhibited from 
participating in the transfer reaction, thereby resulting in a population of 
transferred molecules not thereby inhibited. 
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Representative examples of recombination sites which can be used in 
the practice of the invention include cat sites referred to above, as well as 
modified forms of these sites. For example, att sites which specifically 
recombine with other att sites can be constructed by altering nucleotides in and 
near the 7 base pair overlap region. Thus, recombination sites suitable for use 
in the methods, compositions, and vectors of the invention include, but are not 
limited to, those with insertions, deletions or substitutions of one, two, three, 
four, or more nucleotide bases within the 15 base pair core region 
(GCTTTTTTATACTAA (SEQ ID NO:47)), which is identical in all four 
wild-type lambda att sites, attB, atfP, at£L and attR (see U.S. Application Nos. 
08/663,002, filed June 7, 1996 (now U.S. Patent No. 5,888,732) and 
09/177,387, filed October 23, 1998, which describes the core region in further 
detail, and the disclosures of which are incorporated herein by reference in 
their entireties). Recombination sites suitable for use in the methods, 
compositions, and vectors of the invention also include those with insertions, 
deletions or substitutions of one, two, three, four, or more nucleotide bases 
within the 15 base pair core region (GCTTTTTTATACTAA (SEQ ID NO:47)) 
which are at least 50% identical, at -least 55% identical, at least 60% identical, 
at least 65% identical, at least 70% identical, at least 75% identical, at least 
80% identical, at least 85% identical, at least 90% identical, or at least 95% 
identical to this 15 base pair core region. 

Analogously, the core regions in attBl, ottPl, attlA and attRl are 
identical to one another, as are the core regions in attB2 9 artP2, at&JZ and 
attRl. Nucleic acid molecules suitable for use with the invention also include 
those which comprising insertions, deletions or substitutions of one, two, 
three, four, or more nucleotides within the seven base pair overlap region 
(TTTATAC, which is defined by the cut sites for the integrase protein and is 
the region where strand exchange takes place) that occurs within this 15 base 
pair core region (GCTT TTTTATACT AA (SEQ ID NO:47)). Examples of 
such mutants, fragments, variants and derivatives include, but are not limited 
to, nucleic acid molecules in which (1) the thymine at position 1 of the seven 
base pair overlap region has been deleted or substituted with a guanine, 
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cytosine, or adenine; (2) the thymine at position 2 of the seven base pair 
overlap region has been deleted or substituted with a guanine, cytosine, or 
adenine; (3) the thymine at position 3 of the seven base pair overlap region has 
been deleted or substituted with a guanine, cytosine, or adenine; (4) the 
adenine at position 4 of the seven base pair overlap region has been deleted or 
substituted with a guanine, cytosine, or thymine; (5) the thymine at position 5 
of the seven base pair overlap region has been deleted or substituted with a 
guanine, cytosine, or adenine; (6) the adenine at position 6 of the seven base 
pair overlap region has been deleted or substituted with a guanine, cytosine, or 
thymine; and (7) the cytosine at position 7 of the seven base pair overlap 
region has been deleted or substituted with a guanine, thymine, or adenine; or 
any combination of one or more such deletions and/or substitutions within this 
seven base pair overlap region. The nucleotide sequences of the above 
described seven base pair core region are set out below in Table 1. 

The following non-limiting methods can be used to modify or mutate a 
given nucleic acid molecule encoding a particular recombination site to 
provide mutated sites that can be used in the present invention: 

1. By recombination of two parental DNA sequences by site-specific (e.g., 

atiL and attR to give aft?) or other (e.g., homologous) recombination 
mechanisms where the parental DNA segments contain one or more 
base alterations resulting in the final mutated nucleic acid molecule; 

2. By mutation or mutagenesis (site-specific, PCR, random, spontaneous, 

etc) directly of the desired nucleic acid molecule; 

3. By mutagenesis (site-specific, PCR, random, spontaneous, etc) of 
parental DNA sequences, which are recombined to generate a desired 
nucleic acid molecule; 

4. By reverse transcription of an RNA encoding the desired core sequence; 

and 

5. By de novo synthesis (chemical synthesis) of a sequence having the 
desired base changes, or random base changes followed by sequencing 
or functional analysis according to methods that are routine in the art. 
The functionality of the mutant recombination sites can be 
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demonstrated in ways that depend on the particular characteristic that is 
desired, or on the property, feature, or activity upon which selection is based. 
For example, the lack of translation stop codons in a recombination site can be 
demonstrated by expressing the appropriate fusion proteins. Specificity of 
recombination between homologous partners can be demonstrated by 
introducing the appropriate molecules into in vitro reactions, and assaying for 
recombination products as described herein or known in the art. Other desired 
mutations in recombination sites might include the presence or absence of 
restriction sites, translation or transcription start signals, protein binding sites, 
one or more protease cleavage sites, particular coding sequences, and other 
known functionalities of nucleic acid base sequences. Genetic selection 
schemes for particular functional attributes in the recombination sites can be 
used according to known method steps. For example, the modification of sites 
to provide (from a pair of sites that do not interact) partners that do interact 
could be achieved by requiring deletion, via recombination between the sites, 
of a DNA sequence encoding a toxic substance. Similarly, selection for sites 
that remove translation stop sequences, the presence or absence of protein 
binding sites, etc., can be easily devised by those skilled in the art. 

Altered att sites have been constructed which demonstrate that 

(1) substitutions made within the first three positions of the seven base pair 
overlap QTTATAC) strongly affect the specificity of recombination, 

(2) substitutions made in the last four positions (TTTATAC) only partially 
alter recombination specificity, and (3) nucleotide substitutions outside of the 
seven base pair overlap, but elsewhere within the 15 base pair core region, do 
not affect specificity of recombination but do influence the efficiency of 
recombination. Thus, nucleic acid molecules and methods of the invention 
include those which comprising or employ one, two, three, four, five, six, 
eight, ten, or more recombination sites which affect recombination specificity, 
particularly one or more ($.g M one, two, three, four, five, six, eight, ten, twenty, 
thirty, forty, fifty, etc.) different recombination sites that may correspond 
substantially to the seven base pair overlap within the 15 base pair core region, 
having one or more mutations that affect recombination specificity. Further, 
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such molecules may comprise a consensus sequence such as NNNATAC, 
wherein "N M refers to any nucleotide may be A, G, TAJ or C). In general, 
if one of the first three nucleotides in the consensus sequence is a T/U, then at 
least one of the other two of the first three nucleotides is not a TAJ. 

The core sequence of each att site (attB, atiP, attL and attR) can be 
divided into functional units consisting of integrase binding sites, integrase 
cleavage sites and sequences that determine specificity. Specificity 
determinants are defined by the first three positions following the integrase top 
strand cleavage site. These three positions are shown with underlining in the 
following reference sequence: CAACTTTT3TATACAAAGTTG (SEQ ID 
NO:48). Modification of these three positions (64 possible combinations) 
which can be used to generate att sites which recombine with high specificity 
with other att sites having the same sequence for the first three nucleotides of 
the seven base pair overlap region are shown in Table 1. 



Table 1. Modifications of the First Three Nucleotides of the att Site Seven 



AAA 


CAA 


GAA 


TAA 


AAC 


CAC 


GAC 


TAC 


AAG 


CAG 


GAG 


TAG 


AAT 


CAT 


GAT 


TAT 


ACA 


CCA 


GCA 


TCA 


ACC 


CCC 


GCC 


TCC 


ACG 


CCG 


GCG 


TCG 


ACT 


CCT 


GCT 


TCT 


AGA 


CGA 


GGA 


TGA 


AGC 


CGC 


GGC 


TGC 


AGG 


CGG 


GGG 


TGG 


AGT 


CGT 


GGT 


TGT 


ATA 


CTA 


GTA 


TTA 


ATC 


CTC 


GTC 


TTC 


ATG 


CTG 


GTG 


TTG 


ATT 


CTT 


GTT 


TTT 



Representative examples of seven base pair att site overlap regions 
suitable for in methods, compositions and vectors of the invention are shown 
in Table 2, The invention further includes nucleic acid molecules comprising 
one or more {e.g., one, two, three, four, five, six, eight, ten, twenty, thirty, 
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forty, fifty, etc.) nucleotides sequences set out in Table 2. Thus, for example, 
in one aspect, the invention provides nucleic acid molecules comprising the 
nucleotide sequence GAAATAC, GATATAC, ACAATAC, or TGCATAC. 
However, in certain embodiments, the invention will not include nucleic acid 
molecules which comprise att site core regions set out herein in Figures 
13A-13C. 



Table 2. Representative Examples of Seven Base Pair att Site Overlap 
Regions Suitable for Use with the Invention. 



AAAATAC 


CAAATAC 


GAAATAC 


TAAATAC 


AACATAC 


CACATAC 


GACATAC 


TACATAC 


AAGATAC 


CAGATAC 


GAGATAC 


TAGATAC 


AATATAC 


CATATAC 


GATATAC 


TATATAC 


ACAATAC 


CCAATAC 


GCAATAC 


TCAATAC 


ACCATAC 


CCCATAC 


GCCATAC 


TCCATAC 


ACGATAC 


CCGATAC 


GCGATAC 


TCGATAC 


ACTATAC 


CCTATAC 


GCTATAC 


TCTATAC 


AGAATAC 


CGAATAC 


GGAATAC 


TGAATAC 


AGCATAC 


CGCATAC 


GGCATAC 


TGCATAC 


AGGATAC 


CGGATAC 


GGGATAC 


TGGATAC 


AGTATAC 


CGTATAC 


GGTATAC 


TGTATAC 


ATAATAC 


CTAATAC 


GTAATAC 


TTAATAC 


ATCATAC 


CTCATAC 


GTCATAC 


TTCATAC 


ATGATAC 


CTGATAC 


GTGATAC 


TTGATAC 


ATTATAC 


CTTATAC 


GTTATAC 


TTTATAC 



As noted above, alterations of nucleotides located 3' to the three base 
pair region discussed above can also affect recombination specificity. For 
example, alterations within the last four positions of the seven base pair 
overlap can also affect recombination specificity. 

The invention thus provides recombination sites which recombine with 
a cognate partner, as well as molecules which contain these recombination 
sites and methods for generating, identifying, and using these sites. Methods 
which can be used to identify such sites are set out in U.S. Appl. No. 
09/732,914, filed December 11, 2000, the entire disclosure of which is 
incorporated herein by reference. Examples of such recombination sites 
include an sites which contain 7 base pairs overlap regions which associate 
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and recombine with cognate partners. The nucleotide sequences of specific 
examples of such 7 base pair overlap regions are set out above in Table 2. 

Further embodiments of the invention include isolated nucleic acid 
molecules comprising a nucleotide sequence at least 50% identical, at least 
60% identical, at least 70% identical, at least 75% identical, at least 80% 
identical, at least 85% identical, at least 90% identical, or at least 95% 
identical to the nucleotide sequences of the seven base pair overlap regions set 
out above in Table 2 or the 15 base pair core region shown in SEQ ID NO:47, 
as well as a nucleotide sequence complementary to any of these nucleotide 
sequences or fragments, variants, mutants, and derivatives thereof. Additional 
embodiments of the invention include compositions and vectors which contain 
these nucleic acid molecules, as well as methods for using these nucleic acid 
molecules. 

In specific embodiments, recombination sites having nucleotide 
sequences set out below in Figures 13A-13C, as well as recombination sites 
comprising a nucleotide sequence at least 50% identical, at least 60% identical, 
at least 70% identical, at least 75% identical, at least 80% identical, at least 
85% identical, at least 90% identical, or at least 95% identical to the 
nucleotide sequences set out in Figures 13A-13C, may also be used in the 
practice of the invention. 

Recombinant host cells comprising a nucleic acid molecule (the atiP 
vector pDONR201 (Invitrogen Corp., Carlsbad, CA, Cat. No. 11798-014), 
containing atfPl and attP2 sites, E> coli DB3.1 (also called E. coli DB3.1 
(pAHKan)), were deposited on February 27, 1999, with the Collection, 
Agricultural Research Culture Collection (NRRL), 1815 North University 
Street, Peoria, Illinois 61604 USA, as Deposit No. NRRL B-30099. The atfPl 
and atiP2 sites within the deposited nucleic acid molecule are contained in 
nucleic acid cassettes in association with one or more additional functional 
sequences as described in more detail elsewhere herein. 

Further, recombinant host cell strains containing attRl sites apposed to 
cloning sites in reading frame A, reading frame B, and reading frame C, E. coli 
DB3.1 (pEZC15101) (reading frame A), E. coli DB3.1 (pEZC15102) (reading 
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frame B), and E. coli DB3.1 (pEZC15103) (reading frame C), and containing 
corresponding atiB2 sites, were deposited on February 27, 1999, with the 
Collection, Agricultural Research Culture Collection (NRRL), 1815 North 
University Street, Peoria, Illinois 61604 USA, as Deposit Nos. NRRL B- 
5 30103, NRRL B-30104, and NRRL B-30105, respectively. The attRl and 

atiR2 sites within the deposited nucleic acid molecules are contained in 
nucleic acid cassettes in association with one or more additional functional 
sequences as described in more detail elsewhere herein. Variations of these 
vectors may or may not contain stop codons just after the atiR2 site. 

10 In addition, recombinant host cell strains containing ottLl sites 

apposed to cloning sites in reading frame A, reading frame B, and reading 
frame C, E. coli DB3.1(pENTRlA) (reading frame A), £. coli 
DB3.1(pENTR2B) (reading frame B), and K coli DB3.1(pENTR3C) (reading 
frame C), and containing corresponding attUZ sites, were deposited on 

15 February 27, 1999, with the Collection, Agricultural Research Culture 

Collection (NRRL), 1815 North University Street, Peoria, Illinois 61604 USA, 
as Deposit Nos. NRRL B-30100, NRRL B-30101, and NRRL B-30102, 
respectively. The at&A and attl2 sites within the deposited nucleic acid 
molecules are contained in nucleic acid cassettes in association with one or 

20 more additional functional sequences as described in more detail elsewhere 

herein. 

By a polynucleotide having a nucleotide sequence at least, for example, 
95% "identical" to a reference nucleotide sequence encoding a particular 
recombination site or portion thereof is intended that the nucleotide sequence 

25 of the polynucleotide is identical to the reference sequence except that the 

polynucleotide sequence may include up to five point mutations (e.g., 
insertions, substitutions, or deletions) per each 100 nucleotides of the reference 
nucleotide sequence encoding the recombination site. For example, to obtain a 
polynucleotide having a nucleotide sequence at least 95% identical to a 

30 reference attBl nucleotide sequence (SEQ ID NO:5), up to 5% of the 

nucleotides in the attBl reference sequence may be deleted or substituted with 
another nucleotide, or a number of nucleotides up to 5% of the total 
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nucleotides in the attBl reference sequence may be inserted into the atfBl 
reference sequence. These mutations of the reference sequence may occur at 
the 5' or 3' terminal positions of the reference nucleotide sequence or anywhere 
between those terminal positions, interspersed either individually among 
nucleotides in the reference sequence or in one or more contiguous groups 
within the reference sequence. 

As a practical matter, whether any particular nucleic acid molecule is at 
least 50%, 60%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% 
identical to, for instance, a given recombination site nucleotide sequence or 
portion thereof can be determined conventionally using known computer 
programs such as DNAsis software (Hitachi Software, San Bruno, California) 
for initial sequence alignment followed by ESEE version 3.0 DNA/protein 
sequence software (cabot@trog.mbb.sfu.ca) for multiple sequence alignments. 
Alternatively, such determinations may be accomplished using the BESTFTT 
program (Wisconsin Sequence Analysis Package, Genetics Computer Group, 
University Research Park, 575 Science Drive, Madison, WI 53711), which 
employs a local homology algorithm (Smith and Waterman, Advances in 
Applied Mathematics 2:482-489 (1981)) to find the best segment of homology 
between two sequences. When using DNAsis, ESEE, BESTFTT or any other 
sequence alignment program to determine whether a particular sequence is, for 
instance, 95% identical to a reference sequence according to the present 
invention, the parameters are set such that the percentage of identity is 
calculated over the full length of the reference nucleotide sequence and that 
gaps in homology of up to 5% of the total number of nucleotides in the 
reference sequence are allowed. 

Unless otherwise indicated, each "nucleotide sequence" set forth herein 
is presented as a sequence of deoxyribonucleotides (abbreviated A, G , C and 
T). However, by "nucleotide sequence" of a nucleic acid molecule or 
polynucleotide is intended, for a DNA molecule or polynucleotide, a sequence 
of deoxyribonucleotides, and for an RNA molecule or polynucleotide, the 
corresponding sequence of ribonucleotides (A, G, C and U), where each 
thymidine deoxyribonucleotide (T) in the specified deoxyribonucleotide 
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sequence is replaced by the ribonucleotide uridine (U). Thus, the invention 
relates to sequences of the invention in the form of DNA or RNA molecules, 
or hybrid DNA/RNA molecules, and their corresponding complementary 
DNA, RNA, or DNA/RNA strands. 

In a related aspect, the present invention also relates to nucleic acid 
molecules comprising one or more recombination site nucleotide sequences 
that enhance recombination efficiency, particularly one or more nucleotide 
sequences that may correspond substantially to the core region and having one 
or more mutations that enhance recombination efficiency. By sequences or 
mutations that "enhance recombination efficiency" is meant a sequence or 
mutation in a recombination site, often in the core region (e.g., the 15 base pair 
core region of att recombination sites), that results in an increase in cloning 
efficiency (typically measured by determining successful cloning of a test 
sequence, e.g., by determining CFU/ml for a given cloning mixture) when 
recombining molecules comprising the mutated sequence or core region as 
compared to molecules that do not comprise the mutated sequence or core 
region (e.g., those comprising a wild-type recombination site core region 
sequence). More specifically, whether or not a given sequence or mutation 
enhances recombination efficiency may be determined using the sequence or 
mutation in recombinational cloning as described herein, and determining 
whether the sequence or mutation provides enhanced recombinational cloning 
efficiency when compared to a non-mutated (e.g., wild-type) sequence. 

Using the information provided herein, such as the nucleotide 
sequences for the recombination site sequences described herein, an isolated 
nucleic acid molecule to be used in the present invention encoding one or more 
recombination sites or portions thereof may be obtained using standard cloning 
and screening procedures, such as those for cloning cDNAs using mRNA as 
starting material. Such methods include PCR-based cloning methods, such as 
reverse transcriptase-PCR (RT-PCR). Alternatively, vectors comprising the 
cassettes containing the recombination site sequences described herein are 
available commercially from Ihvitrogen Corp., Carlsbad, CA. 

The invention also relates to nucleic acid molecules comprising one or 
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more of the recombination site sequences or portions thereof and one or more 
additional nucleotide sequences, which may encode functional or structural 
sites such as one or more multiple cloning sites, one or more transcription 
termination sites, one or more transcriptional regulatory sequences (which may 
5 be promoters, enhancers, repressors, and the like), one or more translational 

signals (e.g., secretion signal sequences), one or more origins of replication, 
one or more fusion partner peptides (particularly thioredoxin (Trx), glutathione 
S-transferase (GST), maltose binding protein (MBP), epitopes, defined amino 
acid sequences such as epitopes, haptens, six histidines (EHS6), and the like), 

10 one or more selection markers or modules, one or more nucleotide sequences 

encoding localization signals such as nuclear localization signals or secretion 
signals, one or more origins of replication, one or more protease cleavage sites, 
one or more genes or portions of genes encoding a protein or polypeptide of 
interest, and one or more 5' polynucleotide extensions (particularly an 

15 extension of nucleotides (e.g., guanine residues) ranging in length from about 

1 to about 20, from about 2 to about 15, from about 3 to about 10, from about 
4 to about 10, or an extension of 4 or 5 nucleotides (e.g., guanine, cytosine, 
adenine, or thymine residues) at the 5' end of the recombination site). The one 
or more additional functional or structural sequences may or may not flank one 

20 or more of the recombination site sequences contained on the nucleic acid 

molecules used in the invention. 

In some nucleic acid molecules used in the invention, the one or more 
nucleotide sequences encoding one or more additional functional or structural 
sites may be operably linked to the nucleotide sequence encoding the 

25 recombination site. For example, certain nucleic acid molecules used in the 

invention may have a promoter sequence operably linked to a nucleotide 
sequence encoding a recombination site or portion thereof of the invention, 
such as a T7 promoter, a phage lambda PL promoter, an E. coli lac, irp or tac 
promoter, and other suitable promoters which wiU be familiar to the skilled 

30 artisan. 

Nucleic acid molecules used in the present invention, which may be 
isolated nucleic acid molecules, may be in the form of RNA, such as mRNA, 
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or in the form of DNA, including, for instance, cDNA and genomic DNA 
obtained by cloning or produced synthetically, or in the form of DNA-RNA 
hybrids. The nucleic acid molecules used in the invention may be 
double-stranded or single-stranded. Single-stranded DNA or RNA may be the 
coding strand, also known as the sense strand, or it may be the non-coding 
strand, also referred to as the anti-sense strand. The nucleic acid molecules 
used in the invention may also have a number of topologies, including linear, 
circular, coiled, or supercoiled. 

By "isolated" nucleic acid molecule(s) is intended a nucleic acid 
molecule, DNA or RNA, which has been removed from its native 
environment. For example, recombinant DNA molecules contained in a vector 
are considered isolated for the purposes of the present invention. Further 
examples of isolated DNA molecules include recombinant DNA molecules 
maintained in heterologous host cells, and those DNA molecules purified 
(partially or substantially) from a solution whether produced by recombinant 
DNA or synthetic chemistry techniques. Isolated RNA molecules include in 
vivo or in vitro RNA transcripts of the DNA molecules of the present 
invention. 

Mutations can also be introduced into the recombination site nucleotide 
sequences for enhancing site specific recombination or altering the 
specificities of the reactants, etc. Such mutations include, but are not limited 
to: recombination sites without translation stop codons that allow fusion 
proteins to be encoded, recombination sites recognized by the same proteins 
but differing in base sequence such that they react largely or exclusively with 
their homologous partners allowing multiple reactions to be contemplated, and 
mutations that prevent hairpin formation of recombination sites. Which 
particular reactions take place can be specified by which particular partners are 
present in the reaction mixture. 

Recombination Reaction Enhancers 

The invention further provides methods for enhancing the efficiency of 
recombination reactions used in processes of the invention, as well as 
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compositions which enhance the efficiency of recombination reactions. 

In one aspect, the invention provides methods for enhancing the 
efficiency of recombination reactions. These methods involve the addition of 
one or more (e.g., one, two, three, four, five, six, seven, eight, nine, ten, etc.) 
5 proteins which enhance recombination efficiency to recombination reactions. 

Examples of proteins which enhance the efficiency of recombination reactions 
include E. coli ribosomal proteins S10, S14, S15, S16, S17, S18, S19, S20, 
S21, L14, L21, L23, L24, L25, L27, L28, L29, L30, 131, L32, L33 and L34, as 
well as fragments of these proteins comprising at least fifteen, at least twenty, 
10 at least thirty, at least forty, at least fifty, at least sixty, etc. amino acid 

residues. Additional examples include ribosomal proteins from organisms 
other than E. coli. Further examples include Fis proteins and Fis protein 
fragments. 

Fis proteins or Fis protein fragments used in compositions and/or 
15 methods of the invention may be obtained from a wide variety of organisms 

(e.g., bacteria including, but not limited to, those of the genera Escherichia, 
Serratia, Salmonella, Pseudomonas, Haemophilus, Bacillus, Streptomyces, 
Staphylococcus, Streptococcus, or other gram positive or gram negative 
bacteria). 

20 Generally, Fis proteins and Fis protein fragments used with the 

invention will have molecular weights which are below 14 kiloDaltons (kDa). 
Further, in many instances, between about 2% and about 40%, about 5% and 
about 35%, about 10% and about 35%, about 10% and about 30%, about 15% 
and about 30%, or about 15% and about 25% of the amino acid residues of 

25 these proteins will be basic amino acid residues. By "basic amino acid 

residues" is meant amino acid residues which have pK a s above 7.0 (e.g., 
arginine, lysine, histidine, etc.). Thus, the invention includes compositions 
which contain the above described Fis proteins and Fis protein fragments, as 
well as methods for using these compositions in methods of the invention. 

30 One example of a Fis protein is the 98 amino acid Fis protein of E. 

coli, which has the following amino acid sequence: 
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1 MFEQRVNSDV LTVSTVNSQD QVTQKPLRDS VKQALKNYFA QLNGQDVNDL YELVLAEVEQ 
61 PLLDMVMAYT RGNQTRAALM MGINRGTLRK KLKKYGMN (SEQ ID NO:49) 

Another example of a Fis protein is the 93 amino acid Fis protein of 
Klebsiella pneumoniae, which has the following amino acid sequence: 

1 MFEQRVNSDV LTVSTVNSQD QVTQKPLRDS VKQALKNYFA QLNGQDVNDL YELVLAEVEQ 
61 PLLDMVMQYT RQNQTRAALM MGINRGTLRK KLK (SEQ ID NO: 50) 

Yet another example of a Fis protein is the 98 amino acid Fis protein of 
Vibrio cholera, which has the following amino acid sequence: 

1 MFEQNLTSEA LTVTTVTSQD QITQKPLRDS VKASLKNYLA QLNGQEVTEL YELVLAEVEQ 
61 PLLDTIMQYT RGNQTRAATM MGINRGTLRK KLKKYGMN (SEQIDNO:51) 

Another example of a Fis protein is the 99 amino acid Fis protein of 
Haemophilus influenzae, which has the following amino acid sequence: 

1 MLEQQRNSAD ALTVSVLNAQ SQVTSKPLRD SVKQALRNYL AQLDGQDVND LYELVLAEVE 
61 HPMLDMIMQY TRGNQTRAAN MLGINRGTLR KKLKKYGMG (SEQ ID NO:52) 

A further example of a Fis protein is the 107 amino acid Fis protein of 
Pseudomonas aeruginosa, which has the following amino acid sequence: 

1 MTTMTTETLV SGTTPVSDNA NLKQHLTTPT QEGQTLRDSV EKALHNYFAH LEGQPVTDVY 
61 NMVLCEVEAP LLETVMNHVK GNQTKASELL GLNRGTLRKK LKQYDLL (SEQ ID NO:53) 

A yet further example of a Fis protein is the 98 amino acid Fis protein 
of Salmonella typhimurium, which has the following amino acid sequence: 

1 MFEQRVNSDV LTVSTVNSQD QVTQKPLRDS VKQALKNYFA QLNGQDVNDL YELVLAEVEQ 
61 PLLDMVMQYT RQNQTRAALM MGINRGTLRK KLKKYGMN (SEQ ID NO: 54) 

Methods of the invention employ Fis proteins and Fis protein 
fragments, as well as variants, derivatives and mutants of Fis proteins and Fis 
protein fragments which enhance the efficiency of recombination reactions. 
Fis protein fragments suitable for use with the invention include fragments 
which comprise at least 10 amino acids, at least 15 amino acids, at least 20 
amino acids, at least 30 amino acids, at least 35 amino acids, at least 40 amino 
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acids, at least 45 amino acids, at least 50 amino acids, at least 55 amino acids, 
at least 60 amino acids, at least 70 amino acids, at least 75 amino acids, at least 
80 amino acids, at least 85 amino acids, etc. Fis protein fragments suitable for 
use with the invention also include fragments which comprise between about 
10-20 amino acids, about 20-30 amino acids, about 30-40 amino acids, about 
50-60 amino acids, about 60-70 amino acids, about 70-80 amino acids, about 
90-100 amino acids, etc. 

Proteins which may also be used with the invention include variants, 
derivatives and mutants which comprise amino acid sequences at least 65%, 
70%, 75%, 80%, 85%, 90%, 95%, 98%, or 99% identical to a reference Fis 
protein (e.g., a Fis protein having an amino acid sequence set out above) or Fis 
protein fragment. 

By a protein or protein fragment having an amino acid sequence at 
least, for example, 65% "identical" to a reference amino acid sequence is 
intended that the amino acid sequence of the protein is identical to the 
reference sequence except that the protein sequence may include up to 35 
amino acid alterations per each 100 amino acids of the amino acid sequence of 
the reference protein. In other words, to obtain a protein having an amino acid 
sequence at least 65% identical to a reference amino acid sequence, up to 35% 
of the amino acid residues in the reference sequence may be deleted or 
substituted with another amino acid, or a number of amino acids up to 35% of 
the total amino acid residues in the reference sequence may be inserted into the 
reference sequence. These alterations of the reference sequence may occur at 
the amino (N-) or carboxy (C-) terminal positions of the reference amino acid 
sequence or anywhere between those terminal positions, interspersed either 
individually among residues in the reference sequence or in one or more 
contiguous groups within the reference sequence. As a practical matter, 
whether a given amino acid sequence is, for example, at least 65% identical to 
the amino acid sequence of a reference protein can be determined 
conventionally using known computer programs such as those described above 
for nucleic acid sequence identity determinations, or using the CLUSTAL W 
program (Thompson, J.D., et al, Nucleic Acids Res. 22:4673-4680 (1994)). 
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Fis protein fragments which may be used in the practice of the 
invention also comprise N-terminal and C-tenninal deletion mutants of Fis 
proteins (e.g., a Fis protein having an amino acid sequence set out in any of 
SEQ ID NOs:49-54). Such Fis protein fragments include those in which at 
5 least 5 amino acids, at least 10 amino acids, at least 15 amino acids, at least 20 

amino acids, at least 25 amino acids, at least 30 amino acids, at least 35 amino 
acids, at least 40 amino acids, at least 45 amino acids, at least 50 amino acids, 
at least 55 amino acids, at least 60 amino acids, at least 65 amino acids, at least 
70 amino acids, or at least 75 amino acids have been deleted from the N- 

10 terminus. Such Fis protein fragments also include those in which at least 1 

amino acid, at least 2 amino acids, at least 3 amino acids, at least 4 amino 
acids, at least 5 amino acids, at least 6 amino acids, at least 7 amino acids, at 
least 8 amino acids, at least 9 amino acids, or at least 10 amino acids have 
been deleted from the C-terminus. Further, such Fis protein fragments include 

15 proteins comprising both the N-terminal and C-tenninal deletions set out 

above. 

Specific examples of Fis deletion mutants which may be used in the 
practice of the invention include Fis protein fragments comprising amino acids 
75-98 of SEQ ID NO:49, amino acid 76-97 of SEQ ID NO:49, amino acid 77- 

20 96 of SEQ ID NO:49, amino acid 78-95 of SEQ ID NO:49, amino acid 79-93 

of SEQ ID NO:49, or amino acid 80-92 of SEQ ID NO:49, as well as 
corresponding regions of other Fis proteins. 

The invention also includes nucleic acid molecules which encode the 
Fis proteins referred to herein, as well as the use of these nucleic acid 

25 molecules in processes of the invention. 

Compositions of the invention may also comprise proteins and protein 
fragments which bind to nucleic acids that Fis specifically binds to and 
enhance the efficiency of recombination reactions. For example, Fis has been 
shown to bind to nucleic acids having the following nucleotide sequence: 

30 GNTYAAWWWTTRANC (SEQ ID NO:45), where R=A or G, W=A 

orT, andY=CorT. 
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Fis also binds to nucleic acids having the following nucleotide 
sequence: 

AGTCTGTTTTTTATGCAAAA (SEQ ID NO:46). 
Thus, in certain embodiments, the invention includes methods for 
5 enhancing recombination reactions which employ proteins and peptides that 

(1) bind to nucleic acids having the nucleotide sequence shown in SEQ ID 
NO:45 or SEQ ID NO:46, or proteins and peptides that bind to nucleic acids 
having a nucleotide sequence shown in SEQ ID NO:45 or SEQ ID NO:46 with 
one, two, three, or four substitutions, deletions or insertions, and (2) enhance 

10 the efficiency of recombination reactions. 

Fis proteins and Fis protein fragments of the invention, as well as 
proteins and peptides which bind nucleic acids that Fis specifically binds to, 
may be prepared and used as fusion proteins. Fis is believed to form dimers. 
Thus, examples of fusion proteins which may be used in methods of the 

15 invention are fusion proteins which comprises (1) a Fis protein, a Fis protein 

fragment, or a peptide which binds to nucleic acid comprising the nucleotide 
sequence shown in SEQ ID NO:45 or SEQ ID NO:46 and (2) a protein or 
protein domain which facilitates the formation of multimers (e.g., 
homodimers). Examples of such proteins and protein domains include SHE 

20 domains, protein DnaA of Streptomyces, AraC, heat shock protein 90, etc. 

Thus, the invention includes fusion proteins described above, nucleic acid 
molecules which encode these fusion proteins, and methods for using these 
fusion proteins and nucleic acid molecules to enhance the efficiency of 
recombination reactions. 

25 Specific parameters and conditions related to the optimization of 

recombination reactions performed in the presence of Fis are set out below in 
Example 9 and can also be determined using known assays. For example, a 

titration assay may be used to determine the appropriate amount of a purified 

i 

Fis protein, or the appropriate amount of an extract. Such assays are described 
30 in detail in the Examples below. 

Fis proteins and Fis protein fragments, as well as other proteins and 
protein fragments which enhance the efficiency of recombination reactions, 
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may be included in recombination reactions (e.g., BP Clonase™ catalyzed 
recombination reactions) in a variety of concentrations, including about 0.5 
ng/jd, about 1.0 ng//d, about 1.5 ng//d, about 2.0 ng//d, about 2.5 ng/jil, about 
3.0 ng//d, about 3.5 ng//d, about 4.0 ng//d, about 4.5 ng/jd, about 5.0 ng//d, 
5 about 5.5 ng//d, about 6.0 ng//d, about 6.5 ng/jd, about 7.0 ng//d, about 7.5 

ng//xl, about 8.0 ng//d, about 8.5 ng//d, about 9.0 ng/jxl, about 9.5 ng//il, about 
10.0 ng/fd, about 10.5 ng/jtd, about 11.0 ng//d, about 11.5 ng/^tl, about 12.0 
ng/jxl, about 12.5 ng/fd, about 13.0 ng/jxl, about 13.5 ng/jxl, about 14.0 ng/jd, 
about 14.5 ng//d, about 15.0 ng/jd, about 16.0 ng/jtd, about 17.0 ng//d, about 

10 18.0 ng/fd, about 19.0 ng//d, about 20.0 ng/jd, about 22.0 ng//d, about 25.0 

ng/jxl, about 27.0 ng/jul, about 30.0 ng/fd, about 35.0 ng/jiil, or about 40.0 
ng/fd. Similarly, Fis may be included in recombination reactions in a variety 
of ranges, including from about 0.5 ng//d to about 40.0 ng/jd, from about 0.5 
ng/jxl to about 30.0 ng//d, from about 0.5 ng/fd to about 15.0 ng/jd, from about 

15 1.0 ng//d to about 14.0 ng//d, from about 5.0 ng//d to about 10.0 ng/jd, from 

about 7.0 ng//d to about 15.0 ng//d, from about 10.0 ng/fd to about 15.0 ng/jd, 
from about 5.0 ng//d to about 30.0 ng/fd, from about 10.0 ng/jd to about 30.0 
ng/jd, from about 20 ng/fd to about 30.0 ng//d, from about 20 ng/jd to about 
35.0 ng//d, or from about 20 ng/jd to about 40.0 ng/fd. Of course, other 

20 concentrations and ranges suitable for use in methods of the invention may be 

determined by one of ordinary skill without undue experimentation by carrying 
out a titration assay as noted above and as described in detail in the Examples 
below. Concentrations and ranges set out above of ribosomal proteins which 
, enhance recombination efficiency may also be included in recombination 
' 25 reactions to enhance efficiency. Thus, the invention further includes methods 

described herein which employ proteins that enhance the efficiency of 
recombination reactions. 

Vectors 

30 The invention also relates to vectors comprising one or more of the 

nucleic acid molecules used in the invention and/or used in methods of the 
invention. In accordance with the invention, any vector may be used to 
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construct the vectors of invention. In particular, vectors known in the art and 
those commercially available (and variants or derivatives thereof) may in 
accordance with the invention be engineered to include one or more nucleic 
acid molecules encoding one or more recombination sites (or portions thereof), 
or mutants, fragments, or derivatives thereof, for use in the methods of the 
invention. Such vectors may be obtained from, for example, Vector 
Laboratories Inc.; Promega; Novagen; New England Biolabs; Clontech; 
Roche; Pharmacia; Epicenter; OriGenes Technologies Inc.; Stratagene; Perkin 
Elmer; Pharmingen; and Invitrogen Corp., Carlsbad, CA. Such vectors may 
then for example be used for cloning or subcloning nucleic acid molecules of 
interest. General classes of vectors of particular interest include prokaryotic 
and/or eukaryotic cloning vectors, Expression Vectors, fusion vectors, two- 
hybrid or reverse two-hybrid vectors, shuttle vectors for use in different hosts, 
mutagenesis vectors, transcription vectors, vector suitable for use for gene 
therapy applications (e.g., viral vectors), vectors for receiving large inserts, and 
the like. 

Other vectors of interest include viral origin vectors (M13 vectors, 
bacterial phage X vectors, bacteriophage PI vectors, adenovirus vectors, 
herpesvirus vectors, retrovirus vectors, phage display vectors, combinatorial 
library vectors), high, low, and adjustable copy number vectors, vectors which 
have compatible replicons for use in combination in a single host (pACYC184 
and pBR322) and eukaryotic episomal replication vectors (pCDM8). 

Particular vectors of interest include prokaryotic Expression Vectors 
such as pcDNA H, pSL301, pSE280, pSE380, pSE420, pTrcHisA, B, and C, 
pRSET A, B, and C (Invitrogen Coip., Carlsbad, CA), pGEMEX-1, and 
pGEMEX-2 (Promega, Inc.), the pET vectors (Novagen, Inc.), pTrc99A, 
pKK223-3, the pGEX vectors, pEZZ18, pRIT2T, and pMC1871 (Pharmacia, 
Inc.), pKK233-2 and pKK388-l (Clontech, Inc.), and pProEx-HT (Invitrogen 
Corp., Carlsbad, CA) and variants and derivatives thereof. Destination 
Vectors can also be made from eukaryotic Expression Vectors such as 
pFastBac, pFastBac HT, pFastBac DUAL, pSFV, and pTet-Splice (Invitrogen 
Corp., Carlsbad, CA), pEUK-Cl, pPUR, pMAM, pMAMneo, pBIlOl, 
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pBI121, pDR2, pCMVEBNA, and pYACneo (Clontech), pSVK3, pSVL, 
pMSG, pCHHO, and pKK232-8 (Pharmacia, Inc.), p3'SS, pXTl, pSG5, 
pPbac, pMbac, pMClneo, and pOG44 (Stratagene, Inc.), and pYES2, 
pAC360, pBlueBacHis A, B, and C, pVL1392, pBsueBacIIL pCDM8, 
5 pcDNAl , pZeoS V, pcDNA3 pREP4, pCEP4, and pEBVHis (Invitrogen Corp., 

Carlsbad, CA) and variants or derivatives thereof. 

Other vectors of particular interest include pUC18, pUC19, 
pBlueScript, pSPORT, cosmids, phagemids, YACs (yeast artificial 
chromosomes), BACs (bacterial artificial chromosomes), MACs (mammalian 

10 artificial chromosomes), pQE70, pQE60, pQE9 (Quiagen), pBS vectors, 

PhageScript vectors, BlueScript vectors, pNH8A, pNH16A, pNH18A, 
pNH46A (Stratagene), pcDNA3 (Invitrogen, Carlsbad, CA), pGEX, pTrsfus, 
pTrc99A, pET-5, pET-9, pKK223-3, pKK233-3, pDR540, pRIT5 (Pharmacia), 
pSPORTl, pSPORT2, pCMVSPORT2.0 and pSV-SPORTl (Invitrogen Corp., 

IS Carlsbad, CA) and variants or derivatives thereof. 

Additional vectors of interest include pTrxFus, pThioHis, pLEX, 
pTrcHis, pTrcffis2, pRSET, pBlueBacHis2, pcDNA3.1/His, 
pcDNA3.1(-)/Myc-His, pSecTag, pEBVHis, pPIC9K, pPIC3.5K, pA0815, 
pPICZ, pGAPZ, pBlueBac4.5, pBlueBacHis2, pMelBac, pSinRep5, pSinHis, 

20 pIND, pIND(SPl), pVgRXR, pcDNA2.1. pYES2, pZErOl.l, pZErO-2.1, 

pCR-Blunt, pSE280, pSE380, pSE420, pVL1392, pVL1393, pCDM8, 
pcDNAl.l, pcDNAl.l/Amp, pcDNA3.1, pcDNA3.1/Zeo, pSe,SV2, 
pRc/CMV2, pRc/RSV, pREP4, pREP7, pREP8, pREP9, pREPIO, pCEP4, 
pEBVHis, pCR3.1, pCR2.1, pCR3.1-Uni, and pCRBac from Invitrogen; 

25 Xgtll, pTrc99A, pKK223-3, pGEX-2T, pGEX-21K, pGEX-4T-l, pGEX-4T- 

2, pGEX-4T-3, pGEX-3X, pGEX-5X-l, pGEX-5X-2, pGEX-5X-3, pEZZ18, 
pRTT2T, pMC1871, pSVK3, pSVL, pMSG, pCHHO, pKK232-8, pSL1180, 
pNEO, and pUC4K from Pharmacia; pSCREEN-lb(+), pT7Blue(R), pT7Blue- 
2, pCTIE-4abc(+), pOCUS-2, pTAg, pET-32 LIC, pET-30 LIC, pBAC-2cp 

30 LIC, pBACgus-2cp LIC, pT7Blue-2 LIC, pT7Blue-2, pET-3abcd, pET-7abc, 

pET9abcd, pETllabcd, pET12abc, pET-14b, pET-15b, pET-16b, pET-17b- 
pET-17xb, pET-19b, pET-20b(+), pET-21abcd(+), pET-22b(+), pET- 
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23abcd(+), pET-24abcd(+), pET-25b(+), pET-26b(+), pET-27b(+), pET- 
28abc(+), pET-29abc(+), pET-30abc(+), pET-31b(+), pET-32abc(+), pET- 
33b(+), pBAC-1, pBACgus-1, pBAC4x-l, pBACgus4x-l, pBAC-3cp, 
pBACgus-2cp, pBACsurf-1, pig, Signal pig, pYX, Selecta Vecta-Neo, Selecta 
Vecta - Hyg, and Selecta Vecta - Opt from Novagen; pLexA, pB42AD, 
pGBT9, pAS2-l, pGAD424, pACT2, pGAD GL, pGAD GH, pGADIO, 
pGilda, pEZM3, pEGFP, pEGFP-1, pEGFP-N, pEGFP-C, pEBFP, pGFPuv, 
pGFP, p6xHis-GFP, pSEAP2-Basic, pSEAP2-Contral, pSEAP2-Promoter, 
pSEAP2-Enhancer, ppgal-Basic, pPgal-Control, pPgal-Promoter, pPgal- 
Enhancer, pTet-Off, pTet-On, pTK-Hyg, pRetro-Off, pRetro-On, pIRESlneo, 
pIRESlhyg, pLXSN, pLNCX, pLAPSN, pMAMneo, pMAMneo-CAT, 
pMAMneo-LUC, pPUR, pSV2neo, pYEX 4T-1/2/3, pYEX-Sl, pBacPAK- 
His, pBacPAK8/9, pAcUW31, BacPAK6, pTriplEx, XgtlO, Xgtll, and 
pWE15, and from Clontech; Lambda ZAP H, pBK-CMV, pBK-RSV, 
pBluescript H KS +/-, pBluescript II SK +/-, pAD-GAL4, pBD-GAL4 Cam, 
pSurfscript, Lambda FIX II, Lambda DASH, Lambda EMBL3, Lambda 
EMBL4, SuperCos, pCR-Scrigt Amp, pCR-Script Cam, pCR-Script Direct, 
pBS +/-, pBC KS +/-, pBC SK +/-, Phagescript, pCAL-n-EK, pCAL-n, pCAL- 
c, pCAL-kc, pET-3abcd, pET-llabcd, pSPUTK, pESP-1, pCMVLacI, 
pOPRSVI/MCS, pOPI3 CAT, pXTl, pSG5, pPbac, pMbac, pMClneo, 
pMClneo Poly A, pOG44, pOG45, pFRTpGAL, pNEOPGAL, pRS403, 
pRS404, pRS405, pRS406, pRS413, pRS414, pRS415, and pRS416 from 
Stratagene. 

Two-hybrid and reverse two-hybrid vectors of particular interest 
include pPC86, pDBLeu, pDBTrp, pPC97, p2.5, pGADl-3, pGADIO, pACt, 
pACT2, pGADGL, pGADGH, pAS2-l, pGAD424, pGBT8, pGBT9, pGAD- 
GAL4, pLexA, pBD-GAL4, pHISi, pfflSi-1, p/acZi, pB42AD, pDG202, 
pJK202, pJG4-5, pNLexA, pYESTrp and variants or derivatives thereof. 

Yeast Expression Vectors of particular interest include pESP-1, 
pESP-2, pESC-His, pESC-Trp, pESC-URA, pESC-Leu (Stratagene), pRS401, 
pRS402, pRS411, pRS412, pRS421, pRS422, and variants or derivatives 
thereof. 
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According to the invention, vectors comprising one or more nucleic 
acid molecules encoding one or more recombination sites, or mutants, 
variants, fragments, or derivatives thereof, may be produced by one of ordinary 
skill in the art without resorting to undue experimentation using standard 
5 molecular biology methods. For example, vectors of the invention, as well as 

vector suitable for use in methods of the invention, may be produced by 
introducing one or more of the nucleic acid molecules encoding one or more 
recombination sites (or mutants, fragments, variants or derivatives thereof) 
into one or more of the vectors described herein, according to the methods 

10 described, for example, in Maniatis etal, Molecular Cloning; A Laboratory 

Manual, Cold Spring Harbor Laboratory, Cold Spring Harbor, New York 
(1982). In a related aspect of the invention, the vectors may be engineered to 
contain, in addition to one or more nucleic acid molecules encoding one or 
more recombination sites (or portions thereof), one or more additional physical 

15 or functional nucleotide sequences, such as those encoding one or more 

multiple cloning sites, one or more transcription termination sites, one or more 
transcriptional regulatory sequences (e.g., one or more promoters, enhancers, 
or repressors), one or more selection markers or modules, one or more genes 
or portions of genes encoding a protein or polypeptide of interest, one or more 

20 translational signal sequences, one or more nucleotide sequences encoding a 

fusion partner protein or peptide (e.g. , GST, Hise or thioredoxin), one or more 
origins of replication, and one or more 5* or 3 f polynucleotide tails (particularly 
a poly-G tail). According to this aspect of the invention, the one or more 
recombination site nucleotide sequences (or portions thereof) may optionally 

25 be operably linked to the one or more additional physical or functional 

nucleotide sequences described herein. 

Vectors according to this aspect of the invention include, but are not 
limited to: pENTRIA, pENTR2B, pENTR3C, pENTR4, pENTRS, pENTR6, 
pENTR7, pENTR8, pENTR9, pENTRlO, pENTRll, pDESTl, pDEST2, 

30 pDEST3, pDEST4, pDESTS, pDEST6, pDEST7, pDEST8, pDEST9, 

pDESTIO, pDESTll, pDEST12.2 (also known as pDEST12), pDEST13, 
pDEST14, pDESTIS, pDESTl6, pDEST17, pDEST18, pDEST19, pDEST20, 
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pDEST21, pDEST22, pDEST23, pDEST24, pDEST25, pDEST26, pDEST27, 
pEXPSOl (also known as pCMVSPORT6.0, Figure 34A-34D), pDONR201 
(Figures 26A-26C), pDONR202, pDONR203, pDONR204, pDONR205, 
pDONR206, pDONR212 (Figures 27A-27C), pDONR212(F) (Figures 
28A-28C), pDONR212(R) (Figures 29A-29C), pMAB58, pMAB62, 
pDEST28, pDEST29, pDEST30, pDEST31, pDEST32, pDEST33, pDEST34, 
pDONR207 (Figures 18A-18C), pMAB85, pMAB86, a number of which are 
described in PCT Publication WO 00/52027 (the entire disclosure of which is 
incorporated herein by reference), and fragments, mutants, variants, and 
derivatives of each of these vectors. However, it will be understood by one of 
ordinary skill that the present invention also encompasses other vectors not 
specifically designated herein, which comprise one or more of the isolated 
nucleic acid molecules used in the invention encoding one or more 
recombination sites or portions thereof (or mutants, fragments, variants or 
derivatives thereof), and which may further comprise one or more additional 
physical or functional nucleotide sequences described herein which may 
optionally be operably linked to the one or more nucleic acid molecules 
encoding one or more recombination sites or portions thereof. Such additional 
vectors may be produced by one of ordinary skill according to the guidance 
provided in the present specification. 

Additional vectors which can be used with the invention include 
vectors suitable for use in gene therapy applications. Adenoviruses are 
especially attractive vehicles for delivering genes to respiratory epithelia and 
the use of such vectors are included within the scope of the invention. 
Adenoviruses naturally infect respiratory epithelia where they cause a mild 
disease. Other targets for adenovirus-based delivery systems are liver, the 
central nervous system, endothelial cells, and muscle. Adenoviruses have the 
advantage of being capable of infecting non-dividing cells. Kozarsky and 
Wilson, 1993, Current Opinion in Genetics and Development 3:499-503 
present a review of adenovirus-based gene therapy. Bout et al, Human Gene 
Therapy 5:3-10 (1994) demonstrated the use of adenovirus vectors to transfer 
genes to the respiratory epithelia of rhesus monkeys. Other instances of the 
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use of adenoviruses in gene therapy can be found in Rosenfeld et al, 1991, 
Science 252:431-434; Rosenfeld et al, 1992, Cell 68:143-155; Mastrangeli et 
al 9 1993, J. Clin, Invest 91:225-234; PCT Publication Nos. WO 94/12649 and 
WO 96/17053; U.S. Patent No. 6,190,907; U.S. Patent No. 6,140,087; U.S. 
Patent No. 6,204,060; U.S. Patent No. 5,998,205; and Wang et al„ 1995, Gene 
Therapy 2:775-783, the disclosures of all of which are incorporated herein by 
reference in their entireties. In certain embodiments, adenovirus vectors are 
used. 

Adeno-associated virus (AAV), retroviruses, lentiviruses, and Herpes 
viruses, as well as vectors prepared from these viruses have also been 
proposed for use in gene therapy (see Walsh et al, 1993, Proc. Soc. Exp. Biol 
Med 204:289-300; Steinberg et al, Gene Then 7:1392-1400 (2000); 
Kordower et al. t Science 290:767-773 (2000); U.S. Patent No. 5,436,146; 
Wagstaff et al, Gene Ther. 5:1566-1570 (1998), the entire disclosures of each 
of which are incorporated herein by reference). Herpes viral vectors are 
particularly useful for applications where gene expression is desired in nerve 
cells. 

Polymerases 

Polypeptides having reverse transcriptase activity (ve., those 
polypeptides able to catalyze the synthesis of a DNA molecule from an RNA 
template) for use in accordance with the present invention include, but are not 
limited to Moloney Murine Leukemia Virus (M-MLV) reverse transcriptase, 
Rous Sarcoma Virus (RSV) reverse transcriptase, Avian Myeloblastosis Virus 
(AMV) reverse transcriptase, Rous Associated Virus (RAV) reverse 
transcriptase, Myeloblastosis Associated Virus (MA V) reverse transcriptase, 
Human Immunodeficiency Virus (HIV) reverse transcriptase, retroviral reverse 
transcriptase, retrotransposon reverse transcriptase, hepatitis B reverse 
transcriptase, cauliflower mosaic virus reverse transcriptase and bacterial 
reverse transcriptase. These polypeptides having reverse transcriptase activity 
may further have substantially reduced RNAse H activity (i\e., "RNAse H"" 
polypeptides). By polypeptides that "have substantially reduced RNAse H 
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activity" is meant that the polypeptides, or an individual polypeptide, have less 
than about 20%, less than about 15%, less than about 10%, less than about 5%, 
or less than about 2%, of the RNase H activity of a wild-type or RNase H*" 
enzyme such as wild-type M-MLV reverse transcriptase. The RNase H 
5 activity may be determined by a variety of assays, such as those described, for 

example, in U.S. Patent No. 5,244,797, in Kotewicz, M.L. et al, NucL Acids 
Res. 16:265 (1988) and in Gerard, G.F., et al, FOCUS 14(5):91 (1992), the 
disclosures of all of which are fully incorporated herein by reference. Suitable 
RNAse H" polypeptides for use in the present invention include, but are not 

10 limited to, M-MLV H" reverse transcriptase, RSV H" reverse transcriptase, 

AMV IT reverse transcriptase, RAV HT reverse transcriptase, MAV IT reverse 
transcriptase, HIV H" reverse transcriptase, ThermoScript™ reverse 
transcriptase and ThermoScript™ n reverse transcriptase, and 
Superscript™ I reverse transcriptase and Superscript™ n reverse 

15 transcriptase, which are obtainable, for example, from Invitrogen Corp., 

Carlsbad, CA. (See generally PCT Publication No. WO 98/47912.) 

Other polypeptides having nucleic acid polymerase activity suitable for 
use in the present methods include thermophilic DNA polymerases such as 
DNA polymerase I, DNA polymerase HI, Klenow fragment, T7 polymerase, 

20 and T5 polymerase, and thermostable DNA polymerases including, but not 

limited to, Thermus thermophilus (Tth) DNA polymerase, Thermus aquaticus 
(Taq) DNA polymerase, Tliermotoga neopolitana (Tne) DNA polymerase, 
Thermotoga maritima (Tina) DNA polymerase, Thertnococcus litoralis (Tli 
or VENT®) DNA polymerase, Pyrococcus furiosus (Pfu) DNA polymerase, 

25 Pyrococcus species GB-D (or DEEPVENT®) DNA polymerase, Pyrococcus 

woosii (Pwo) DNA polymerase, Bacillus sterothermophilus (Bst) DNA 
polymerase, Sulfolobus acidocaldarius (Sac) DNA polymerase, Tfiermoplasma 
acidophilum (Tac) DNA polymerase, Thermus flavus (Tfl/Tub) DNA 
polymerase, Thermus ruber (Tru) DNA polymerase, Thermus brockianus 

30 (DYNAZYME®) DNA polymerase, Methanobacteriwn tliermoautotrophicum 

(Mth) DNA polymerase, and mutants, variants and derivatives thereof. Such 
polypeptides are available commercially, for example from Invitrogen Corp., 
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Carlsbad, CA, New England BioLabs (Beverly, MA), and Sigma/Aldrich (St. 
Louis, MO). 

Host Cells 

The invention also relates to host cells comprising one or more of the 
nucleic acid molecules or vectors used in, selected and/or isolated by the 
invention, particularly those nucleic acid molecules and vectors described in 
detail herein. Representative host cells that may be used according to this 
aspect of the invention include, but are not limited to, bacterial cells, yeast 
cells, plant cells and animal cells. Bacterial host cells suitable for use with the 
invention include Escherichia spp. cells (particularly E, coli cells and most 
particularly E coli strains DH10B, Stbl2, DH5a, DB3, DB3.1 (e.g., E. coli 
LIBRARY EFFICIENCY® DB3.1™ Competent Cells; Invitrogen Corp., 
Carlsbad, CA), DB4 and DBS; see U.S. Application No. 09/518,188, filed on 
March 2, 2000, the disclosure of which is incorporated by reference herein in 
its entirety), Bacillus spp. cells (particularly B. subtilis and B. megaterium 
cells), Streptomyces spp. cells, Erwinia spp. cells, Klebsiella spp. cells, 
Serratia spp. cells (particularly 5. marcessans cells), Pseudomonas spp. cells 
(particularly P. aeruginosa cells), and Salmonella spp. cells (particularly 
5. typhimurium and 5. typhi cells). Animal host cells suitable for use with the 
invention include insect cells (most particularly Drosophila melanogaster 
cells, Spodoptera frugiperda Sf9 and Sf21 cells and Trichoplusa High-Five 
cells), nematode cells (particularly C. elegans cells), avian cells, amphibian 
cells (particularly Xenopus laevis cells), reptilian cells, and mammalian cells 
(most particularly CHO, COS, VERO, BHK and human cells). Yeast host 
cells suitable for use with the invention include Saccharomyces cerevisiae 
cells and Pichia pastoris cells. These and other suitable host cells are 
available commercially, for example from Invitrogen Corp., Carlsbad, CA, 
American Type Culture Collection (Manassas, Virginia), and Agricultural 
Research Culture Collection (NRRL; Peoria, Illinois). 

Methods of the invention may also be used in cell free systems. 
Examples of cell free systems which can be used with the invention include in 
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vitro transcription and translation systems. 

Methods for introducing the nucleic acid molecules and/or vectors of 
the invention into the host cells described herein, to produce host cells 
comprising one or more of the nucleic acid molecules and/or vectors of the 
invention, will be familiar to those of ordinary skill in the art. For instance, 
the nucleic acid molecules and/or vectors of the invention may be introduced 
into host cells using well known techniques of infection, transduction, 
transfection, and transformation. The nucleic acid molecules and/or vectors of 
the invention may be introduced alone or in conjunction with other the nucleic 
acid molecules and/or vectors. Alternatively, the nucleic acid molecules 
and/or vectors of the invention may be introduced into host cells as a 
precipitate, such as a calcium phosphate precipitate, or in a complex with a 
lipid. Electroporation also may be used to introduce the nucleic acid 
molecules and/or vectors of the invention into a host. Likewise, such 
molecules may be introduced into chemically competent cells such as E. colL 
If the vector is a virus, it may be packaged in vitro or introduced into a 
packaging cell and the packaged virus may be transduced into cells. Hence, a 
wide variety of techniques suitable for introducing the nucleic acid molecules 
and/or vectors of the invention into cells {e.g., ballistic bombardment, 
electroporation, lipofection, etc.) in accordance with this aspect of the 
invention are well known and routine to those of skill in the art. Such 
techniques are reviewed at length, for example, in Sambrook, J., et at, 
Molecular Cloning, a Laboratory Manual, 2nd Ed, Cold Spring Harbor, NY: 
Cold Spring Harbor Laboratory Press, pp. 16.30-16.55 (1989), Watson, J.D., et 
aZ M Recombinant DNA, 2nd Ed, New York: W.H. Freeman and Co., pp. 213- 
234 (1992), and Winnacker, E., From Genes to Clones, New York: VCH 
Publishers (1987), which are illustrative of the many laboratory manuals that 
detail these techniques and which are incorporated by reference herein in their 
entireties for their relevant disclosures. 

Polypeptides 

In another aspect, the invention relates to polypeptides encoded by the 
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nucleic acid molecules selected and/or isolated by the invention (including 
polypeptides and amino acid sequences encoded by all possible reading frames 
of the nucleic acid molecules used in the invention), and to methods of 
producing such polypeptides. Polypeptides of the present invention include 
purified or isolated natural products, products of chemical synthetic 
procedures, and products produced by recombinant techniques from a 
prokaryotic or eukaryotic host, including, for example, bacterial, yeast, insect, 
mammalian, avian and higher plant cells. 

The polypeptides of the invention may be produced by methods such as 
those involving synthetic organic chemistry or by recombinant methods (e.g., 
methods employing one or more of the host cells of the invention comprising 
the vectors or isolated nucleic acid molecules used in the invention). 
According to the invention, polypeptides may be produced by cultivating the 
host cells of the invention (which comprise one or more of the nucleic acid 
molecules used in the invention that may contained within an Expression 
Vector) under conditions favoring the expression of the nucleotide sequence 
contained on the nucleic acid molecule of the invention, such that the 
polypeptide encoded by the nucleic acid molecule of the invention is produced 
by the host cell. As used herein, "conditions favoring the expression of the 
nucleotide sequence" or "conditions favoring the production of a polypeptide" 
include optimal physical (e.g., temperature, humidity, etc.) and nutritional 
(e.g., culture medium, ionic) conditions required for production of a 
recombinant polypeptide by a given host cell. Such optimal conditions for a 
variety of host cells, including prokaryotic (bacterial), mammalian, insect, 
yeast, and plant cells will be familiar to one of ordinary skill in the art, and 
may be found, for example, in Sambrook, J., et al, Molecular Cloning, A 
Laboratory Manual, 2nd Ed., Cold Spring Harbor, NY: Cold Spring Harbor 
Laboratory Press, (1989), Watson, J.D., et al, Recombinant DNA, 2nd Ed., 
New York: W.H. Freeman and Co., and Winnacker, E.-L., From Genes to 
Clones, New York: VCH Publishers (1987). 

In some aspects, it may be desirable to isolate or purify the 
polypeptides of the invention (e.g., for production of antibodies as described 
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below), resulting in the production of the polypeptides of the invention in 
isolated form. The polypeptides of the invention can be recovered and purified 
from recombinant cell cultures by well-known methods of protein purification 
that are routine in the art, including ammonium sulfate or ethanol 
precipitation, acid extraction, anion or cation exchange chromatography, 
phosphocellulose chromatography, hydrophobic interaction chromatography, 
affinity chromatography, hydroxylapatite chromatography and lectin 
chromatography. For example, HIS6 or GST fusion tags on polypeptides 
made by the methods of the invention may be isolated using appropriate 
affinity chromatography matrices which bind polypeptides bearing HBs6 or 
GST tags, as will be familiar to one of ordinary skill in the art. Polypeptides of 
the present invention include naturally purified products, products of chemical 
synthetic procedures, and products produced by recombinant techniques from 
a prokaryotic or eukaryotic host, including, for example, bacterial, yeast, 
higher plant, insect and mammalian cells. Depending upon the host employed 
in a recombinant production procedure, the polypeptides of the present 
invention may be glycosylated or may be non-glycosylated. Li addition, 
polypeptides of the invention may also include an initial modified methionine 
residue, in some cases as a result of host-mediated processes. 

Isolated polypeptides of the invention include those comprising the 
amino acid sequences encoded by one or more of the reading frames of the 
polynucleotides comprising one or more of the recombination site-encoding 
nucleic acid molecules used in the invention, including those encoding a#Bl, 
atfB2, attPl, attP2, attLl, atfL2, attKl and atiRl having the nucleotide 
sequences set forth in Figures 13A-13C (or nucleotide sequences 
complementary thereto), or fragments, variants, mutants and derivatives 
thereof; the complete amino acid sequences encoded by the polynucleotides 
contained in the deposited clones described herein; the amino acid sequences 
encoded by polynucleotides which hybridize under stringent hybridization 
conditions to polynucleotides having the nucleotide sequences encoding the 
recombination site sequences of the invention as set forth in Figures 13A-13C 
(or a nucleotide sequence complementary thereto); or a peptide or polypeptide 
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comprising a portion or a fragment of the above polypeptides. The invention 
also relates to additional polypeptides having one or more additional amino 
acids linked (typically by peptidyl bonds to foim a nascent polypeptide) to the 
polypeptides encoded by the recombination site nucleotide sequences or the 
deposited clones. Such additional amino acid residues may comprise one or 
more functional peptide sequences, for example one or more fusion partner 
peptides {e.g. , GST, HIS6, Trx, etc.) and the like. 

As used herein, the terms "protein," "peptide," "oligopeptide" and 
"polypeptide" are considered synonymous (as is commonly recognized) and 
each term can be used interchangeably as the context requires to indicate a 
chain of two or more amino acids, five or more amino acids, or ten or more 
amino acids, coupled by (a) peptidyl linkage(s), unless otherwise defined in the 
specific contexts below. As is commonly recognized in the art, all polypeptide 
formulas or sequences herein are written from left to right and in the direction 
from amino terminus to carboxy terminus. 

By "isolated" polypeptide or protein is intended a polypeptide or 
protein removed from its native environment. For example, recombinant^ 
produced polypeptides and proteins expressed in host cells are considered 
isolated for purposes of the invention, as are native or recombinant 
polypeptides which have been substantially purified by any suitable technique 
such as, for example, the single-step purification method disclosed in Smith 
and Johnson, Gene 67:31-40 (1988), 

It will be recognized by those of ordinary skill in the art that some 
amino acid sequences of the polypeptides of the invention can be varied 
without significant effect on the structure or function of the polypeptides. If 
such differences in sequence are contemplated, it should be remembered that 
there will be critical areas on the protein which determine structure and 
activity. In general, it is possible to replace residues which form the tertiary 
structure, provided that residues performing a similar function are used In 
other instances, the type of residue may be completely unimportant if the 
alteration occurs at a non-critical region of the polypeptide. 

Thus, the invention further relates to variants of the polypeptides of the 
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invention, including allelic variants, which show substantial structural 
homology to the polypeptides described herein, or which include specific 
regions of these polypeptides such as the portions discussed below. Such 
mutants may include deletions, insertions, inversions, repeats, and type 
substitutions (for example, substituting one hydrophilic residue for another, 
but not strongly hydrophilic for strongly hydrophobic as a rule). Small changes 
or such "neutral" or "conservative" amino acid substitutions will generally 
have little effect on activity. 

Typical conservative substitutions are the replacements, one for 
another, among the aliphatic amino acids Ala, Val, Leu and He; interchange of 
the hydroxylated residues Ser and Thr; exchange of the acidic residues Asp 
and Glu; substitution between the amidated residues Asn and Gin; exchange of 
the basic residues Lys and Arg; and replacements among the aromatic residues 
Phe and Tyr. 

Thus, the fragment, derivative or analog of the polypeptides of the 
invention, such as those comprising peptides encoded by the recombination 
site nucleotide sequences described herein, may be (i) one in which one or 
more of the amino acid residues are substituted with a conservative or non- 
conservative amino acid residue, and such substituted amino acid residue may 
be encoded by the genetic code or may be an amino acid (e.g., desmosine, 
citrulline, ornithine, etc.) that is not encoded by the genetic code; (ii) one in 
which one or more of the amino acid residues includes a substituent group 
(e.g., a phosphate, hydroxyl, sulfate or other group) in addition to the normal 
"R" group of the amino acid; (iii) one in which the mature polypeptide is fused 
with another compound, such as a compound to increase the half-life of the 
polypeptide (for example, polyethylene glycol), or (iv) one in which additional 
amino acids are fused to the mature polypeptide, such as an immunoglobulin 
Fc region peptide, a leader or secretory sequence, a sequence which is 
employed for purification of the mature polypeptide (such as GST) or a 
proprotein sequence. Such fragments, derivatives and analogs are intended to 
be encompassed by the present invention, and are within the scope of those 
skilled in the art from the teachings herein and the state of the art at the time of 
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invention. 

The polypeptides of the present invention may be provided in an 
isolated form, and may be substantially purified. Recombinantly produced 
versions of the polypeptides of the invention can be substantially purified by 
the one-step method described in Smith and Johnson, Gene 67:31-40 (1988). 
As used herein, the term "substantially purified" means a preparation of an 
individual polypeptide of the invention wherein at least 50%, at least 60%, at 
least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 91%, 
at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 
97%, at least 98% or at least 99% (by mass) of contaminating proteins (z.e., 
those that are not the individual polypeptides described herein or fragments, 
variants, mutants or derivatives thereof) have been removed from the 
preparation. 

The polypeptides of the present invention include those which are at 
least about 50% identical, at least 60% identical, at least 65% identical, at least 
about 70%, at least about 75%, at least about 80%, at least about 85%, at least 
about 90%, at least about 95%, at least about 96%, at least about 97%, at least 
about 98% or at least about 99% identical, to the polypeptides described 
herein. For example, attBl-containing polypeptides of the invention include 
those that are at least about 50% identical, at least 60% identical, at least 65% 
identical, at least about 70%, at least about 75%, at least about 80%, at least 
about 85%, at least about 90%, at least about 95%, at least about 96%, at least 
about 97%, at least about 98% or at least about 99% identical, to the 
polypeptide(s) encoded by the three reading frames of a polynucleotide 
comprising a nucleotide sequence of attBl having a nucleic acid sequence as 
set forth in Figures 13A-13C (or a nucleic acid sequence complementary 
thereto), to a polypeptide encoded by a polynucleotide contained in the 
deposited cDNA clones described herein, or to a polypeptide encoded by a 
polynucleotide hybridizing under stringent conditions to a polynucleotide 
comprising a nucleotide sequence of attBl having a nucleic acid sequence as 
set forth in Figures 13A-13C (or a nucleic acid sequence complementary 
thereto). Analogous polypeptides may be prepared that are at least about 65% 
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identical, more at least about 70% t at least about 75%, at least about 80%, at 
least about 85%, at least about 90%, at least about 95%, at least about 96%, at 
least about 97%, at least about 98% or at least about 99% identical, to the 
a#B2, attPl, attP2, a#Ll, affL2, attRl and atfR2 polypeptides of the invention 
as depicted in Figures 13A-13C. The present polypeptides also include 
portions or fragments of the above-described polypeptides with at least 5, 10, 
15, 20, or 25 amino acids. 

By a polypeptide having an amino acid sequence at least, for example, 
65% "identical" to a reference amino acid sequence of a given polypeptide of 
the invention is intended that the amino acid sequence of the polypeptide is 
identical to the reference sequence except that the polypeptide sequence may 
include up to 35 amino acid alterations per each 100 amino acids of the 
reference amino acid sequence of a given polypeptide of the invention. In 
other words, to obtain a polypeptide having an amino acid sequence at least 
65% identical to a reference amino acid sequence, up to 35% of the amino acid 
residues in the reference sequence may be deleted or substituted with another 
amino acid, or a number of amino acids up to 35% of the total amino acid 
residues in the reference sequence may be inserted into the reference sequence. 
These alterations of the reference sequence may occur at the amino (N-) or 
carboxy (C-) terminal positions of the reference amino aqid sequence or 
anywhere between those terminal positions, interspersed either individually 
among residues in the reference sequence or in one or more contiguous groups 
within the reference sequence. As a practical matter, whether a given amino 
acid sequence is, for example, at least 65% identical to the amino acid 
sequence of a given polypeptide of the invention can be determined 
conventionally using known computer programs such as those described above 
for nucleic acid sequence identity determinations, or using the CLUSTAL W 
program (Thompson, J.D., etal f Nucleic Acids Res. 22:4673-4680 (1994)). 

In another aspect, the present invention provides a peptide or 
polypeptide comprising an epitope-bearing portion of a polypeptide of the 
invention, which may be used to raise antibodies, particularly monoclonal 
antibodies, that bind specifically to a one or more of the polypeptides of the 
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invention. The epitope of this polypeptide portion is an immunogenic or 
antigenic epitope of a polypeptide of the invention. An "immunogenic 
epitope" is defined as a part of a protein that elicits an antibody response when 
the whole protein is the immunogen. These immunogenic epitopes are 
5 believed to be confined to a few loci on the molecule. On the other hand, a 

region of a protein molecule to which an antibody can bind is defined as an 
"antigenic epitope." The number of immunogenic epitopes of a protein 
generally is less than the number of antigenic epitopes (see, e.g., Geysen et al, 
Proc. Natl Acad Sci. USA 57:3998- 4002 (1983)). 

10 As to the selection of peptides or polypeptides bearing an antigenic 

epitope (i.e., that contain a region of a protein molecule to which an antibody 
. can bind), it is well-known in the art that relatively short synthetic peptides 
that mimic part of a protein sequence are routinely capable of eliciting an 
antiserum that reacts with the partially mimicked protein (see, e.g., Sutcliffe, 

15 J.G., et al, Science 229:660-666 (1983)). Peptides capable of eliciting 

protein-reactive sera are frequently represented in the primary sequence of a 
protein, can be characterized by a set of simple chemical rules, and are not 
confined to the immunodominant regions of intact proteins (i.e., immunogenic 
epitopes) or to the amino or carboxy termini. Peptides that are extremely 

20 hydrophobic and those of six or fewer residues generally are ineffective at 

inducing antibodies that bind to the mimicked protein; longer peptides, 
especially those containing proline residues, usually are effective (Sutcliffe, 
J.G., et al, Science 2i9;660-666 (1983)). 

Epitope-bearing peptides and polypeptides of the invention designed 

25 according to the above guidelines will often contain a sequence of at least five 

amino acids, at least seven amino acids, at least ten amino acids, at least 
fifteen amino acids, at least twenty amino acids, at least twenty-five amino 
acids contained within the amino acid sequence of a polypeptide of the 
invention. However, peptides or polypeptides comprising a larger portion of 

30 an amino acid sequence of a polypeptide of the invention, containing at least 

about 30 to at least about 50 amino acids, or any length up to and including the 
entire amino acid sequence of a given polypeptide of the invention, also are 
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considered epitope-bearing peptides or polypeptides of the invention and also 
are useful for inducing antibodies that react with the mimicked protein. 

As one of skill in the art will also appreciate, the polypeptides of the 
present invention and the epitope-bearing fragments thereof described herein 
can be combined with one or more fusion partner proteins or peptides, or 
portions thereof, including but not limited to GST, Hise, Trx, and portions of 
the constant domain of immunoglobulins (Ig), resulting in chimeric or fusion 
polypeptides. These fusion polypeptides facilitate purification of the 
polypeptides of the invention (EP 0 394 827; Traunecker et ai, Nature 
33i:84-86 (1988)) for use in analytical or diagnostic (including high- 
throughput) format. 

Antibodies 

In another aspect, the invention relates to antibodies and other 
antigen-binding proteins (e.g., single-chain antigen-binding proteins) produced 
by methods of the invention. In a related aspect, the invention relates to 
antibodies that recognize and bind to one or more polypeptides encoded by all 
reading frames of one or more recombination site nucleic acid sequences or 
portions thereof, or to one or more nucleic acid molecules comprising one or 
more recombination site nucleic acid sequences or portions thereof, including 
but not limited to att sites (including attBl, ati&l, attPl, atftl, attLl, atiLl, 
affRl, atiR2 and the like), lox sites (e.g., loxP, loxPSlU and the like), FRT, 
and the like, or mutants, fragments, variants and derivatives thereof. See 
generally U.S. Patent No. 5,888,732, which is incorporated herein by reference 
in its entirety. The antibodies of the present invention may be polyclonal, 
monoclonal, or synthetic and may be prepared by any of a variety of methods 
and in a variety of species according to methods that are well-known in the art. 
See, for instance, U.S. Patent No. 5,587,287; Sutcliffe, J.G., et a/., Science 
2/P.-660-666 (1983); Wilson et al t Cell 37: 767 (1984); and Bittle, F.J., et ai, 
J. Gen. Virol 65:2347-2354 (1985). Antibodies specific for any of the 
polypeptides or nucleic acid molecules described herein, such as antibodies 
specifically binding to one or more of the polypeptides encoded by the 
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recombination site nucleotide sequences, or one or more nucleic acid 
molecules, described herein or contained in the deposited clones, antibodies 
against fusion polypeptides (e.g., binding to fusion polypeptides between one 
or more of the fusion partner proteins and one or more of the recombination 
site polypeptides of the invention, as described herein), and the like, can be 
raised against the intact polypeptides or polynucleotides of the invention or 
one or more antigenic polypeptide fragments thereof. 

As used herein, the term "antibody" (Ab) may be used interchangeably 
with the terms "polyclonal antibody" or "monoclonal antibody" (mAb), except 
in specific contexts as described below. These terms, as used herein, are 
meant to include intact molecules as well as antibody fragments (such as, for 
example, Fab and F(ab')2 fragments) which are capable of specifically binding 
to a polypeptide or nucleic acid molecule of the invention or a portion thereof. 
It will therefore be appreciated that, in addition to the intact antibodies of the 
invention, Fab, F(ab ! )2 and other fragments of the antibodies described herein, 
and other peptides and peptide fragments that bind one or more polypeptides 
or polynucleotides of the invention, are also encompassed within the scope of 
the invention. Such antibody fragments are typically produced by proteolytic 
cleavage of intact antibodies, using enzymes such as papain (to produce Fab 
fragments) or pepsin (to produce F(ab')2 fragments). Antibody fragments, and 
peptides or peptide fragments, may also be produced through the application of 
recombinant DNA technology or through synthetic chemistry. 

Polyclonal antibodies according to this aspect of the invention may be 
made by immunizing an animal with one or more of the polypeptides or 
nucleic acid molecules of the invention described herein or portions thereof 
according to standard techniques (see, e.g., Harlow, E., and Lane, D., 
Antibodies: A Laboratory Manual, Cold Spring Harbor, NY: Cold Spring 
Harbor Laboratory Press (1988); Kaufman, P.B., et al 9 In: Handbook of 
Molecular and Cellular Methods in Biology and Medicine, Boca Raton, 
Florida: CRC Press, pp. 468-469 (1995)). 

Monoclonal antibodies (or fragments thereof which bind to one or 
more of the polypeptides of the invention) according to this aspect of the 
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invention may be made using hybridoma technology (Kohler et al, Nature 
256:495 (1975); K6hler et al. t Eur. J. Immunol 6:511 (1976); KOhler etal. 9 
Eur. J. Immunol 6:292 (1976); Hammerling et a/., In: Monoclonal Antibodies 
and T-Cell Hybridomas, Elsevier, N.Y., pp. 563-681 (1981)). 

Phage display technology may be used to represent polypeptides on the 
surface of phage (see U.S. Patent No. 6,190,908; U.S. Patent No. 6,194,183). 
Further, phage display systems may be used in the practice of the invention to 
modify polypeptides and then screen the modified polypeptides for functional 
activities. For example, phage displayed libraries may be screened to identify 
those which bind antibody molecules. 

It will be appreciated by one of ordinary skill that the antibodies of the 
present invention may alternatively be coupled to a solid support, to facilitate, 
for example, chromatographic and other immunological procedures using such 
solid phase-immobilized antibodies. Included among such procedures are the 
use of the antibodies of the invention to isolate or purify polypeptides 
comprising one or more epitopes encoded by the nucleic acid molecules used 
in the invention (which may be fusion polypeptides or other polypeptides of 
the invention described herein), or to isolate or purify polynucleotides 
comprising one or more recombination site sequences of the invention or 
portions thereof. Methods for isolation arid purification of polypeptides (and, 
by analogy, polynucleotides) by affinity chromatography, for example using 
the antibodies of the invention coupled to a solid phase support, are well- 
known in the art and will be familiar to one of ordinary skill. 

Supports 

In one aspect, the invention provides methods for connecting 
populations of nucleic acid molecules to target nucleic acid molecules, 
wherein (1) the target nucleic acid molecules, (2) nucleic acid molecules which 
each contain at least one recombination site, or (3) individual members of the 
populations of nucleic acid molecules are bound to a support. The invention 
further provides methods for releasing nucleic acid molecules from support. 
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Nucleic acid release may be effected by any number of means, including 
recombination and digestion with one or more restriction endonucleases. 

Using the process set out in Figure 32 for purposes of illustration, a 
nucleic acid molecule which contains a recombination site (e.g., an attR2 site) 
may be bound to a solid support (e.g., a bead). A population of nucleic acid 
molecules (e.g., cDNA molecules or cDNA molecules contained within a 
vector) in which the individual members of the population contain at least one 
recombination site (e.g., an attH site) may then undergo recombination with 
recombination sites (e.g., ortR2 sites) of nucleic acid molecules attached to the 
support resulting in the attachment of members of the population to the 
support through new recombination sites (e.g., attP2 sites). A second 
recombination reaction may then used to release the nucleic acid molecules 
from the support and to incorporate these molecules into another vector. The 
recombined vectors may then be circularized, if desired, using art known 
means (e.g., ligation, homologous recombination, topoisomerase cloning, etc.). 

A process similar to that discussed above is shown in Figure 33 where 
biotin and avidin are used to attach nucleic acid molecules which contain 
recombination sites to the support. These recombination sites are these 
employed to attach other nucleic acid molecules to the support. 

As would be recognized by those skilled in the art, any number of 
means may be used in the. practice of the invention to attach nucleic acid 
molecules to supports. A number of such means are set out in more detail 
below. Further, any number or variations of the above may be practiced. For 
example, one or more initial recombination reactions may be performed before 
recombined nucleic acid molecules are attached to a support. Further, if two 
nucleic acid molecules are joined by a recombination reaction and one of the 
molecules contains a biotin moiety, for example, these molecules may then be 
attached to the support by association with avidin, which could be bound 
directly to the support (see Figure 35-37). As one skilled in the art would 
recognize, any number of other means could be used to attach such nucleic 
acid molecules to supports. Further, in certain instances, processes similar to 
those described above could be used to purify nucleic acid molecules in the 
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absence of recombination which occurs while the nucleic acid molecules are 
attached to a support. For example, nucleic acid molecules could be generated 
by recombination prior to attachment to the support. Further, after attachment 
to the support, nucleic acid molecules could be released by digestion with one 
or more restriction endonuclease. 

The attachment of nucleic acid molecules of the invention to supports 
has the advantage that the support can be washed to remove unbound reagents. 
Again using the processes shown in Figures 32 and 33 for illustration, once 
cDNA molecules, or other nucleic acid molecules of a population, are attached 
to a solid support, unreacted reagents may be removed by washing* Thus, 
unbound/unreacted molecules (e.g., vectors and cDNA molecules) and 
reagents may be removed prior to release of nucleic acid molecules from the 
support. Thus, the invention provides methods for separating members of 
populations of nucleic acid molecules from contaminants such as proteins, 
salts, carbohydrates, detergents, other nucleic acid molecules (e.g., RNA, 
vectors, primers, etc.), etc. 

Further, as noted above, release of cDNA molecules from supports may 
be effected by any number of means. Figures 32 and 33 show the release of 
these molecules by the use of a recombination reaction, but release may be 
effectuated by, for example, digestion with a restriction endonuclease. 

Additional embodiments of the invention in which recombination 
occurs on supports are shown in Figures 35-37. In each of these instances, 
nucleic acid molecules are attached to supports (i.e., beads) via interaction 
between biotin and avidin. Nucleic acid segments which contain the 
individual members of populations of nucleic acid molecules are then released 
from the supports by recombination. 

Thus, in one aspect, the invention provides methods for recombining 
populations of nucleic acid molecules on supports. In specific related 
embodiments, the invention further provides methods for purifying nucleic 
acid molecules by attaching them to support and washing away undesired 
materials (i.e., contaminants). Thus, in one general aspect, the invention 
provides methods for purifying nucleic acid molecules by connecting these 
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molecules to supports, followed by the removal of unbound materials and 
release of the nucleic acid molecules from the supports. The invention further 
provides populations of nucleic acid molecules purified by methods of the 
invention and supports which contain these populations of nucleic acid 
molecules. 

Supports suitable for use in accordance with the invention may be any 
support or matrix suitable for attaching nucleic acid molecules comprising one 
or more recombination sites or portions thereof. These nucleic acid molecules 
may be added or bound (covalently or non-covalently) to the supports of the 
invention by any technique or any combination of techniques well known in 
the art. Supports of the invention may comprise nitrocellulose, diazoceUulose, 
glass, polystyrene (including microtiter plates), polyvinylchloride, 
polypropylene, polyethylene, polyvinylidenedifluoride (PVDF), dextran, 
Sepharose, agar, starch and nylon. Supports of the invention may be in any 
form or configuration including beads, filters, membranes, sheets, frits, plugs, 
columns and the like. Supports may also include multi-well tubes (such as 
microtiter plates) such as 12-well plates, 24-well plates, 48-well plates, 
96-well plates, and 384-well plates. Beads may be made, for example, of 
glass, latex or a magnetic material (magnetic, paramagnetic or 
superparamagnetic beads). 

Methods for the attachment of nucleic acids to supports have been 
described {see, e.g., U.S. Patent No. 5,436,327, U.S. Patent No. 5,800,992, 
U.S. Patent No. 5,445,934, U.S. Patent No. 5,763,170, U.S. Patent No. 
5,599,695 and U.S. Patent No. 5,837,832). For example, disulfide-modified 
oligonucleotides can be covalently attached to supports using disulfide bonds. 
(See Rogers et al, Anal Biochem. 266:23-30 (1999).) Further, 
disulfide-modified oligonucleotides can be peptide nucleic acid (PNA) using 
solid-phase synthesis. (See Aldrian-Herrada et al t /. Pept Set 4:266-281 
(1998).) Thus, nucleic acid molecules comprising one or more recombination 
sites or portions thereof can be added to one or more supports and nucleic 
acids, proteins or other molecules and/or compounds can be added to such 
supports through recombination methods of the invention. Conjugation of 
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nucleic acids to a molecule of interest are known in the art and thus one of 
ordinary skill can produce molecules and/or compounds comprising 
recombination sites (or portions thereof) for attachment to supports according 
to the invention. 

Essentially, any conceivable support may be employed in the invention. 
The support may be biological, non-biological, organic, inorganic, or a 
combination of any of these, existing as particles, strands, precipitates, gels, 
sheets, tubing, spheres, containers, capillaries, pads, slices, films, plates, 
slides, etc. The support may have any convenient shape, such as a disc, 
square, sphere, circle, etc. The support is preferably flat but may take on a 
variety of alternative surface configurations. For example, the support may 
contain raised or depressed regions which may be used for synthesis or other 
reactions. The support and its surface preferably form a rigid support on 
which to carry out the reactions described herein. The support and its surface 
are also chosen to provide appropriate light-absorbing characteristics. For 
instance, the support may be a polymerized Langmuir Blodgett film, 
functionalized glass, Si, Ge, GaAs, GaP, Si02, SIN4, modified silicon, or any 
one of a wide variety of gels or polymers such as (poly)tetrafluoroethylene, 
(poly)vinylidenedifluoride, polystyrene, polycarbonate, or combinations 
thereof. Other support materials will be readily apparent to those of skill in the 
art upon review of this disclosure. In a preferred embodiment the support is 
flat glass or single-crystal silicon. 

Thus, the invention provides methods for preparing supports to which 
nucleic acid molecules are attached. In some embodiments, these nucleic acid 
molecules will have recombination sites at one or more (e.g., one, two, three or 
four) of their termini. In some additional embodiments, one nucleic acid 
molecule will be attached directly to the support, or to a specific section of the 
support, and one or more additional nucleic acid molecules will be indirectly 
attached to the support via attachment to the nucleic acid molecule which is 
attached directly to the support. In such cases, the nucleic acid molecule 
which is attached directly to the support provides a site of nucleation around 
which larger nucleic acid molecules may be constructed. 
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The invention further provides methods for screening populations of 
nucleic acid molecules (e.g., nucleic acid libraries) to identifying molecules 
having particular properties, features, or activities. Examples of compositions 
which can be formed by binding nucleic acid molecules to supports and used 
in such screening methods are "gene chips," often referred to in the art as 
"DNA microairays" or "genome chips" (see U.S. Patent Nos. 5,412,087 and 
5,889,165, and PCT Publication Nos. WO 97/02357, WO 97/43450, WO 
98/20967, WO 99/05574, WO 99/05591, and WO 99/40105, the disclosures of 
which are incorporated by reference herein in their entireties). For purposes of 
illustration, nucleic acid molecules, each of which contain a recombination site 
having the same specificity (e.g., atfPl, att?2, attP3, a#P4 sites) may be 
positioned on a gene chip, for example, at specified locations (i.e., addresses) 
to generate a chip in which nucleic acid molecules having recombination sites 
with the same specificity are grouped together. Such a chip would have 
locations where nucleic acid molecules having recombination sites (e.g„ atfBl, 
atfB2, a#B3, attB4 sites) which will recombine with recombination sites (e.g., 
atiPl, attP2, atfP3> atiPA sites) associated with the chip can be attached to the 
chip by recombination. 

Once a chip such as that described above has been prepared, one or 
more populations of nucleic acid molecules which contain recombination sites 
(e.g., attBl, attBl, a#B3, atiB4 site) capable of recombining with the 
recombination sites of the molecules bound to the chip may be contacted with 
the chip under conditions which facilitate recombination. Recombination 
between recombination sites of the nucleic acid molecules bound to the gene 
chip and those of the individual members of the population(s) will result in 
individual members of the population(s) being attached to the chip. Further, 
due to the specificity of the recombination reaction(s), the chip may be 
contacted with numerous different nucleic acid molecules (e.g., nucleic acid 
molecules which have recombination sites with different specificities) at one 
time to generate a chip having nucleic acid molecules with the same sequence 
or closely related sequences (e.g., sequences which are greater than 95% 
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identical to each other) clustered at particular locations. The nucleic acid 
molecules attached to the chip may then be used in art known processes. 

To increased the number of specificities which can be used to generate 
chips such as those described above, components of multiple recombination 
5 systems may be used. For example, a chip could contain nucleic acid 

molecules with att? sites and lox sites. As noted above, lox sites having 
various recombination specificities are disclosed in PCT Publication No. WO 
01/11058, the entire disclosure of which is incorporated herein by reference. 
Thus, the invention provides gene chips in which nucleic acid molecules 

10 having the same recombination specificity are placed together in specific 

locations (e.g., 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 80, 85, 90, 
95, 100, 120, 140, 160, 180, 200, 240, 280, 300, 240, 380, 400, 450, 500, 550, 
600, 650, 700, 75, 800, 850, 900, 950, 1,000, etc. addresses). These "generic" 
gene chips may then be used to prepare chips in which nucleic acid molecules 

15 having cognate recombination sites are attached via recombination. 

In other embodiments, nucleic, acid molecules having recombination 
sites of the same or differing recombinational specificities may be positioned 
randomly at locations on a gene chip or subportion thereof. The chip may then 
be contacted with one or more populations of nucleic acid molecules which 

20 contain recombination sites capable of recombining with the recombination 

sites of molecules bound to the chip under conditions which facilitate 
recombination. As an alternative, populations of nucleic acid molecules may 
be contacted with only portions of the gene chip to which nucleic acid 
molecules having cognate sites are attached. 

25 The invention thus provides methods for attaching nucleic acid 

molecules to supports by recombination, as well as supports prepared by 
methods of the invention and methods for using these supports for identifying 
nucleic acid molecules having particular properties, features, or activities. 

Gene chips of the invention may also be used to identify recombination 

30 sites which differ in specificity. For example, nucleic acid molecules 

comprising a recombination site may be subjected to mutagenesis (e.g., 
random mutagenesis), mutagenized nucleic acid molecules may then be placed 



146 



WO 02/095055 



PCTYUS02/15947 



at various positions on a chip and screened to identify those which undergo 
recombination with one or more additional recombination sites. For example, 
a nucleic acid molecule comprising a recombination site (e.g., an attlA site) 
may be subjected to random mutagenesis. The resulting individual, nucleic 
acid molecules may then be amplified and placed at particular locations on the 
chip. The chip may then be exposed to nucleic acid molecules which comprise 
either (1) different recombination sites or (2) the same recombination site (e.g., 
an atfRl site) under conditions which facilitate recombination and scored to 
identify positions where recombination has occurred. Nucleic acid molecules 
which participate in the recombination reaction may then be sequenced to 
determine the nucleotide sequence of the recombination site. The invention 
further include recombination sites identified by processes such as those 
described above. 

The addressability of nucleic acid arrays of the invention means that 
molecules or compounds which bind to nucleic acid molecules comprising 
specific nucleotide sequences can be attached to the arrays. Thus, components 
such as proteins and other nucleic acids may be attached to specific, 
addressable locations in nucleic acid arrays of the invention. 

The invention thus provides methods for preparing nucleic acid arrays 
in which nucleic acid molecules having particular recombination specificities 
are located in particular regions. The invention further provides arrays 
prepared by methods of the invention, methods for attaching nucleic acid 
molecules to such arrays using recombination reactions, methods for screening 
such arrays to identify nucleic acid molecules having particular properties, 
features, or activities, and nucleic acid molecules identified by methods of the 
invention. 

Kits 

The invention also provides kits which may be used in producing 
nucleic acid molecules, polypeptides, vectors, host cells, and antibodies of the 
invention. The invention further provides kits which may be used for the 
insertion of nucleic acid molecules into target nucleic acid molecules, for the 
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transfer of nucleic acid molecules between target nucleic acid molecules, and 
in sequential selection methods of the invention. 

Kits according to this aspect of the invention may comprise one or 
more containers, which may contain one or more of the nucleic acid 
molecules, primers, polypeptides, vectors, host cells, or antibodies of the 
invention. In particular, kits of the invention may comprise one or more 
components (or combinations thereof) selected from the group consisting of 
one or more recombination proteins (e.g., Int) or auxiliary factors (e.g., IHF 
and/or Xis) or combinations thereof, one or more compositions comprising 
one or more recombination proteins or auxiliary factors or combinations 
thereof (for example, GATEWAY™ LR Clonase™ Enzyme Mix or 
Gateway™ BP Clonase™ Enzyme Mix) one or more Destination Vector 
molecules (including those described herein), one or more Entry Clone or 
Entry Vector molecules (including those described herein), one or more primer 
nucleic acid molecules (particularly those described herein), one or more host 
cells (e.g., competent cells, such as E. coli cells, yeast cells, animal cells 
(including mammalian cells, insect cells, nematode cells, avian cells, fish cells, 
etc.), plant cells, and most particularly E. coli DB3, DB3.1 (e.g., E. coli 
LIBRARY EFFICIENCY® DB3.1™ Competent Cells; Invitrogen Corp., 
Carlsbad, CA), DB4 and DBS; see U.S. Application No. 09/518,188, filed on 
March 2, 2000, the disclosure of which is incorporated by reference herein in 
its entirety), and the like. 

In related aspects, kits of the invention may comprise one or more 
nucleic acid molecules encoding one or more recombination sites or portions 
thereof, such as one or more nucleic acid molecules comprising a nucleotide 
sequence encoding the one or more recombination sites (or portions thereof) of 
the invention, and particularly one or more of the nucleic acid molecules 
contained in the deposited clones described herein. Kits according to this 
aspect of the invention may also comprise one or more isolated nucleic acid 
molecules used in the invention, one or more vectors of the invention, one or 
more primer nucleic acid molecules used in the invention, and/or one or more 
antibodies of the invention. 
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Kits of the invention may further comprise one or more additional 
containers containing one or more additional components useful in 
combination with the nucleic acid molecules, polypeptides, vectors, host cells, 
or antibodies of the invention, such as one or more buffers, one or more 

5 detergents, one or more polypeptides having nucleic acid polymerase activity, 

one or more polypeptides having reverse transcriptase activity, one or more 
transfection reagents, one or more nucleotides, and the like. In a related aspect 
the kits of the invention may comprise one or more reagents for selection such 
as enzymes, substrates, ligands, inhibitors, labels, antibodies, probes or 

10 primers. Such kits may be used in any process advantageously using the 

nucleic acid molecules, primers, vectors, host cells, polypeptides, antibodies 
and other compositions used in or selected by the invention, for example in 
methods of synthesizing nucleic acid molecules (e.g., via amplification such as 
via PGR), in methods of cloning nucleic acid molecules (e.g., via 

15 ^combinational cloning as described herein), and the like. 

It will be understood by one of ordinary skill in the relevant arts that 
other suitable modifications and adaptations to the methods and applications 
described herein are readily apparent from the description of the invention 

20 contained herein in view of information known to the ordinarily skilled artisan, 

and may be made without departing from the scope of the invention or any 
embodiment thereof. Having now described the present invention in detail, 
the same will be more clearly understood by reference to the following 
examples, which are included herewith for purposes of illustration only and 

25 are not intended to be limiting of the invention. 

The entire disclosures of U.S. Appl. No. 09/732,914, filed December 
11, 2000; U.S. Appl. No. 08/486,139, filed June 7, 1995; U.S. Appl. No. 
08/663,002, filed June 7, 1996 (now U.S. Patent No. 5,888,732); U.S. Appl. 
No. 09/233,492, filed January 20, 1999; U.S. Patent No. 6,143,557; U.S. Appl. 

30 No. 60/065,930, filed October 24, 1997; U.S. Appl. No. 09/177,387 filed 

October 23, 1998; U.S. Appl. No. 09/296,280, filed April 22, 1999; U.S. Appl. 
No. 09/296,281, filed April 22, 1999; U.S. Appl. No. 60/108,324, filed 
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November 13, 1998; U.S. Appl. No. 09/438,358, filed November 12, 1999; 
U.S. Appl. No. 09/695,065, filed October 25, 2000; U.S. Appl. No. 09/432,085 
filed November 2, 1999; U.S. Appl. No. 60/122,389, filed March 2, 1999; U.S. 
Appl. No. 60/126,049, filed March 23, 1999; U.S. Appl. No. 60/136,744, filed 
May 28, 1999; U.S. Appl. No. 60/122,392, filed March 2, 1999; and U.S. 
Appl. No. 60/161,403, filed October 25, 1999, are herein incorporated by 
reference. 

Examples 

Example 1: Simultaneous Cloning of Two Nucleic Acid Segments Using 
an LR Reaction 

Two nucleic acid segments (either or both of which may be individual 
members of one or more population of nucleic acid molecules) may be cloned 
in a single reaction using methods of the present invention. Methods of the 
present invention may comprise the steps of providing a first nucleic acid 
segment nucleic acid encoding a HIS6 tag) flanked by a first and a 
second recombination site, providing a second nucleic acid segment (e.g., a 
member of a cDNA library) flanked by a third and a fourth recombination site, 
wherein either the first or the second recombination site is capable of 
recombining with either the third or the fourth recombination site, conducting 
a recombination reaction such that the two nucleic acid segments are 
recombined into a single nucleic acid molecule and cloning the single nucleic 
acid molecule. 

With reference to Figure 19, two nucleic acid segments flanked by 
recombination sites may be provided. Those skilled in the art will appreciate 
that the nucleic acid segments may be provided either as discrete fragments or 
as part of a larger nucleic acid molecule and may be circular and optionally 
supercoiled or linear. The sites can be selected such that one member of a 
reactive pair of sites flanks each of the two segments. 

By "reactive pair of sites," what is meant is two recombination sites 
that can, in the presence of the appropriate enzymes and cofactors, recombine. 
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For example, in some embodiments, one nucleic acid molecule may comprise 
an attR site while the other comprises an atiL site that reacts with the attR site. 
As the products of an LR reaction are two molecules, one of which comprises 
an attB site and one of which comprises an atiP site, it is possible to arrange 
5 the orientation of the starting atfL and attR sites such that, after joining, the 

two starting nucleic acid segments are separated by a nucleic acid sequence 
that comprises either an attB site or an attP site. 

Li some embodiments, the sites may be arranged such that the two 
starting nucleic acid segments are separated by an attB site after the 

10 recombination reaction. Li other embodiments, recombination sites from other 

recombination systems may be used. For example, in some embodiments one 
or more of the recombination sites may be a lox site or derivative. In some 
embodiments, recombination sites from more than one recombination system 
may be used in the same construct. For example, one or more of the 

15 recombination sites may be an att site while others may be lox sites. Various 

combinations of sites from different recombination systems (e.g., Flp sites, Flp 
site derivatives, etc.) may occur to those skilled in the art and such 
combinations are deemed to be within the scope of the present invention. 

As shown in Figure 19, nucleic acid segment A (DNA-A) may be 

20 flanked by recombination sites having unique specificity, for example atiLl 

and attl3 sites and nucleic acid segment B (DNA-B) may be flanked by 
recombination sites attR3 and atiLl. For illustrative purposes, the segments 
are indicated as DNA. This should not be construed as limiting the nucleic 
acids used in the practice of the present invention to DNA to the exclusion of 

25 other nucleic acids. In addition, in this and the subsequent examples, the 

designation of the recombination sites (Le. t LI, 13, Rl, R3, etc.) is merely 
intend to convey that the recombination sites used have different specificities 
and should not be construed as limiting the invention to the use of the 
specifically recited sites. One skilled in the art could readily substitute other 

30 pairs of sites for those specifically exemplified. 

The attR3 and atiL3 sites comprise a reactive pair of sites. Other pairs 
of unique recombination sites may be used to flank the nucleic acid segments. 
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For example, lox sites could be used as one reactive pair while another reactive 
pair may be att sites and suitable recombination proteins included in the 
reaction. likewise, the recombination sites discussed above can be used in 
various combinations. In this embodiment, the only critical feature is that, of 
the recombination sites flanking each segment, one member of a reactive pair 
of sites, in this example an LR pair L3 and R3, is present on one nucleic acid 
segment and the other member of the reactive pair is present on the other 
nucleic acid segment. 

The two segments may be contacted with the appropriate enzymes and 
a Destination Vector. 

The Destination Vector comprises a suitable selectable marker flanked 
by two recombination sites. In some embodiments, the selectable marker may 
be a negative selectable marker (such as a toxic gene, e.g., ccdB). One site in 
the Destination Vector will be compatible with one site present on one of the 
nucleic acid segments while the other compatible site present in the 
Destination Vector will be present on the other nucleic acid segment. 

Absent a recombination between the two starting nucleic acid 
segments, neither starting nucleic acid segment has recombination sites 
compatible with both the sites in the Destination Vector. Thus, neither starting 
nucleic acid segment can replace the selectable marker present in the 
Destination Vector. 

The reaction mixture may be incubated at about 25°C for from about 5 
minutes to about 48 hours. All or a portion of the reaction mixture will be 
used to transform competent microorganisms and the microorganisms 
screened for the presence of the desired construct. 

In some embodiments, the Destination Vector comprises a negative 
selectable marker and the microorganisms transformed are susceptible to the 
negative selectable marker present on the Destination Vector. The 
transformed microorganisms will be grown under conditions permitting the 
negative selection against microorganisms not containing the desired 
recombination product. 
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In Figure 19, the resulting desired product consists of DNA-A and 
DNA-B separated by an atfB3 site and cloned into the Destination Vector 
backbone. In this embodiment, the same type of reaction (i.e., an LR reaction) 
may be used to combine the two fragments and insert the combined fragments 
into a Destination Vector. 

In some embodiments, it may not be necessary to control the 
orientation of one or more of the nucleic acid segments and recombination 
sites of the same specificity can be used on both ends of the segment. 

With reference to Figure 19, if the orientation of segment A with 
respect to segment B were not critical, segment A could be flanked by LI sites 
on both ends oriented as inverted repeats and the end of segment B to be 
joined to segment A could be equipped with an Rl site. This might be useful 
in generating additional complexity in the formation of combinatorial libraries 
between segments A and B. That is, the joining of the segments can occur in 
various orientations and given that one or both segments joined may be 
derived from one or more libraries, a new population or library comprising 
hybrid molecules in random orientations may be constructed according to the 
invention. 

Although, in the present examples, the recombination between the two 
starting nucleic acid segments is shown as occurring before the recombination 
reactions with the Destination Vector, the order of the recombination reactions 
is not important. Thus, in some embodiments, it may be desirable to conduct 
the recombination reaction between the segments and isolate the combined 
segments. The combined segments can be used directly, for example, may be 
amplified, sequenced or used as linear expression elements as taught by Sykes 
et al (Nature Biotechnology 77:355-359 (1999)). In some embodiments, the 
joined segments may be encapsulated as taught by Tawfik et al (Nature 
Biotechnology 75:652-656 (1998)) and subsequently assayed for one or more 
desirable properties, features, or activities. In some embodiments, the 
combined segments may be used for in vitro expression of RNA by, for 
example, including a promoter such as the T7 promoter or SP6 promoter on 
one of the segments. Such in vitro expressed RNA may optionally be 
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translated in an in vitro translation system such as rabbit reticulocyte lysate. 
Thus, in certain embodiments, nucleic acid molecules of the invention may not 
be inserted into a Destination Vector. Further, nucleic acid segments which 
each contain recombination sites at one terminus, may be joined at the termini 
which do not contain recombination sites by methods such as topoisomerase 
cloning. 

Optionally, the joined segments may be further reacted with a 
Destination Vector resulting in the insertion of the combined segments into the 
vector. In some instances, it may be desirable to isolate an intermediate 
comprising one of the segments and the vector. For insertion of the segments 
into a vector, it is not critical to the practice of the present invention whether 
the recombination reaction joining the two segments occurs before or after the 
recombination reaction between the segments and the Destination Vector. 

According to the invention, all three recombination reactions may 
occur the reaction between segment A and the Destination Vector, the 
reaction between segment B and the Destination Vector, and the reaction 
between segment A and segment B) in order to produce a nucleic add 
molecule in which both of the two starting nucleic acid segments are now 
joined in a single molecule. In some embodiments, recombination sites may 
be selected such that, after insertion into the vector, the recombination sites 
flanking the joined segments form a reactive pair of sites and the joined 
segments may be excised from the vector by reaction of the flanking sites with 
suitable recombination proteins. In other embodiments, segments A and B 
may each have a recombination sites at only one end. Hie "free" ends of these 
segments may then be joined by any number of methods. For example, one or 
both of the ends may be covalently linked to a topoisomerase molecule, which 
is then used to join the two segments. Cloning methods employing 
topoisomerases are described, for example, in Invitrogen 2001 Catalog, pages 
6-12 (Invitrogen Corp., Carlsbad, CA). 

With reference to Figure 19, if the 12 site on segment B were replaced 
by an LI site in the opposite orientation with respect to segment B the 
long portion of the box indicating the recombination site was not adjacent to 
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the segment) and the R2 site in the vector were replaced by an Rl site in 
opposite orientation, the recombination reaction would produce an attPl site in 
the vector. The attPl site would then be capable of reaction with the atiBl site 
on the other end of the joined segments. Thus, the joined segments could be 

5 excised using the recombination proteins appropriate for a BP reaction. 

This embodiment of the invention is particularly suited for the 
construction of combinatorial libraries. In some embodiments, each of the 
nucleic acid segments in Figure 19 may represent libraries, each of which may 
have a known or unknown nucleic acid sequence to be screened. In some 

10 embodiments, one or more of the segments may have a sequence encoding one 

or more permutations of the amino acid sequence of a given peptide, 
polypeptide or protein. In some embodiments, each segment may have a 
sequence that encodes a protein domain or a library representing various 
permutations of the sequence of protein domain. For example, one segment 

15 may represent a library of mutated forms of the variable domain of an antibody 

light chain while the other segment represents a library of mutated forms of an 
antibody heavy chain. Thus, recombination would generate a population of 
molecules (e.g., antibodies, single-chain antigen-binding proteins, etc.) each 
potentially containing a unique combination of sequences and, therefore, a 

20 unique binding specificity. 

In other embodiments, one of the segments may represent a single 
nucleic acid sequence while the other represents a library. The result of 
recombination will be a population of sequences all of which have one portion 
in common and are varied in the other portion. Embodiments of this type will 

25 be useful for the generation of a library of fusion constructs. For example, 

DNA-A may comprise a regulatory sequence for directing expression (i.e n a 
promoter) and a sequence encoding a purification tag. Suitable purification 
tags include, but are not limited to, glutathione S-transferase (GST), maltose 
binding protein (MBP), epitopes, defined amino acid sequences such as 

30 epitopes, haptens, six histidines (HIS6), and the like. DNA-B may comprise a 

library of mutated forms of a protein of interest. The resultant constructs 
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could be assayed for a desired characteristic such as enzymatic activity or 
ligand binding. 

Alternatively, DNA-B might comprise the common portion of the 
resulting fusion molecule. In some embodiments, the above described 
methods may be used to facilitate the fusion of promoter regions or 
transcription termination signals to the 5'-£nd or 3'-end of structural genes, 
respectively, to create expression cassettes designed for expression in different 
cellular contexts, for example, by adding a tissue-specific promoter to a 
structural gene. 

In some embodiments, one or more of the segments may represent a 
sequence encoding members of a random peptide library. This approach might 
be used, for example, to generate a population of molecules with a certain 
desirable characteristic. For example, one segment might contain a sequence 
coding for a DNA binding domain while the other segment represents a 
random protein library. The resulting population might be screened for the 
ability to modulate the expression of a target gene of interest. In other 
embodiments, both segments may represent sequences encoding members of a 
random protein library and the resultant synthetic proteins (e.g., fusion 
proteins) could be assayed for any desirable characteristic such as, for 
example, binding a specific ligand or receptor or possessing some enzymatic 
activity. 

As suggested above, regions of proteins, referred to as domains, 
generally confer upon proteins various functional activities. A considerable 
number of domains which confer activities upon proteins are known in the art 
(e.g., SH2 domains, zinc finger domains, NADPH binding domains, 
apoptosis-induction domains, eIF4A-binding domains, IGF binding domain, 
DNA binding domains, UBX domains, zona pellucida domains, p53 core 
domains, Src homology 2 domains, etc.). Methods of the invention can be 
used to generate and screen mutagenized nucleic acid molecules which encode 
such domains to identify those which encode polypeptides having particular 
properties, features, or activities. 
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It is not necessary that the nucleic acid segments encode an amino acid 
sequence. For example, both of the segments may direct the transcription of 
an RNA molecule that is not translated into protein. This will be useful for the 
construction of tRNA molecules, ribozymes and anti-sense molecules. 
Alternatively, one segment may direct the transcription of an untranslated 
RNA molecule while the other codes for a protein. For example, DNA-A may 
direct the transcription of an untranslated leader sequence that enhances 
protein expression such as the encephalomyocarditis virus leader sequence 
(EMC leader) while DNA-B encodes a peptide, polypeptide or protein of 
interest. In some embodiments, a segment comprising a leader sequence might 
further comprise a sequence encoding an amino acid sequence. For example, 
DNA-A might have a nucleic acid sequence corresponding to an EMC leader 
sequence and a purification tag while DNA-B has a nucleic acid sequence 
encoding a peptide, polypeptide or protein of interest. 

The above process is especially useful for the preparation of 
combinatorial libraries of single-chain antigen-binding proteins. Methods for 
preparing single-chain antigen-binding proteins are known in the ait (See, 
e.g., PCT Publication No. WO 94/07921, the entire disclosure of which is 
incorporated herein by reference.) DNA-A could encode, for example, 
mutated forms of the variable domain of an antibody light chain and DNA-B 
could encode, for example, mutated forms of the variable domain of an 
antibody light chain. Further, intervening nucleic acid between DNA-A and 
DNA-B could encode a peptide linker for connecting the light and heavy 
chains. Cells which express the single-chain antigen-binding proteins can then 
be screened to identify those which produce molecules that bind to a particular 
antigen. 

Numerous variation of the above are possible. For example, instead of 
using a construct illustrated above, a construct similar to that illustrated in 
Figure 19 could be used with the linker peptide coding region being embedded ' 
in the recombination site. This is one example of recombination site 
embedded functionality discussed above, which is included within the scope of 
the invention. 
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As another example, single-chain antigen-binding proteins each 
composed of two antibody light chains or two antibody heavy chains can also 
be produced. These single-chain antigen-binding proteins can be designed to 
associate and form multivalent aintigeri binding complexes. Using the 
constructs shown in Figure 19 again for illustration, DNA-A and DNA-B 
could each encode, for example, mutated forms of the variable domain of an 
antibody light chain. At the same site in a similar vector or at another site in a 
vector which is designed for the insertion of four nucleic acid inserts, DNA-A 
and DNA-B could each encode, for example, mutated forms of the variable 
domain of an antibody heavy chain. Cells which express both single-chain 
antigen-binding proteins could then be screened to identify, for example, those 
which produce multivalent antigen-binding complexes having specificity for a 
particular antigen. 

Thus, the methods of the invention can be used, for example, to 
prepare and screen combinatorial libraries to identify cells which produce 
antigen-binding proteins (e.g., antibodies and/or antibody fragments or 
antibody fragment complexes comprising variable heavy or variable light 
domains) having specificities for particular epitopes. The methods of the 
invention also methods for preparing antigen-binding proteins and 
antigen-binding proteins prepared by the methods of the invention. 

Further, an iterative approach may be followed to prepare and identify 
nucleic acid molecules which encode antigen-binding proteins that exhibit 
high affinity for one or more antigens. For example, combinatorial libraries 
may be screened to identify nucleic acid molecules which encode 
antigen-binding proteins which exhibit affinity for a particular antigen. 
Further, once nucleic acid which encodes a variable light or a variable heavy 
domain which forms one component of antigen-binding proteins having 
affinity for a particular antigen, any number of steps may be taken to obtain 
antigen-binding proteins which exhibit increased affinity for the antigen. For 
example, antigen-binding proteins encoded for by the following nucleic acids 
may be screened to identify those which encode proteins with increased 
affinity: 
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1. Nucleic acid encoding one domain (Le. t the variable light or variable 
heavy domain) may be left unaltered and nucleic acid encoding the 
other domain may be subjected to one or more rounds of mutagenesis. 

2. Nucleic acid encoding one domain the variable light or variable 
heavy domain) may be left unaltered and nucleic acid molecules of a 
library which encodes variable domains may be combined with nucleic 
acid encoding the unaltered domain. 

3. Nucleic acid encoding both domains may be subjected to mutagenesis. 
Antigen-binding proteins prepared from nucleic acid molecules 

generated by the above process may then be screened to identify proteins 
having desired properties, features, or activities (e.g., binding affinities for the 
particular antigen). Further, multiple rounds of selection (e.g., mutagenesis 
followed by screening) may be used to generate antigen-binding proteins 
having desired properties, features, or activities. 

Using Figure 19 to illustrate additional variations of the invention, one 
or more nucleic acid segment which forms recombination sites shown in this 
figure may be omitted and nucleic acid which confers other properties, 
features, or activities upon molecules may be included. For example, either 
one or both of the regions on DNA-A and DNA-B labeled "L3" and "R3 M in 
Figure 19 may be replaced with nucleic acids which do not recombine with 
each other but still allow for the joining of the two segments. Examples of 
such nucleic acids include (1) nucleic acids which allow for topoisomerase 
mediated cloning, (2) "sticky ends" which anneal to each other, (3) restriction 
endonuclease recognition sites which can be used to generate "sticky ends," 
and (4) nucleic acids which are capable of engaging in homologous 
recombination. Thus, the invention includes methods for cloning multiple 
nucleic acid molecules which involve recombination at specific sites and 
connection of nucleic acid segments by means other than recombination at 
other sites. 

Further, as an extension of the representation shown in Figure 19, any 
number of nucleic acid segments may be joined by methods of the invention, 
inserted into a target molecules, and/or then transferred to additional target 
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molecules. In addition, as noted above, when multiple nucleic acid molecules 
are connected to each other, all of these molecules need not be connected to 
each other through recombination. For example, three nucleic acid segments 
may be connected to each other in the following 5 f to 3 ! order: 1-2-3. Segment 
1 may have recombination sites at both the 5 1 and 3 1 ends. Further, the 5* 
recombination site may be capable of recombining with a first recombination 
site of a target nucleic acid molecule and the 3' recombination site may be 
capable of recombining with the recombination site at the 5 9 end of segment 2. 
Segment 2 may have a first recombination site at the 5' end and a second 
recombination site which is internal. The 5' recombination site may be 
capable of recombining with the 3* recombination site of segment 1. Segment 
3 may have a 3* recombination site which is capable of recombining with a 
second recombination site of the target nucleic acid molecule. Thus, upon 
recombination, segments 1, 2, and 3 may be inserted into the target nucleic 
acid molecule. Further, segments 2 and 3 may be connected using processes 
such as ligation. 

Example 2: Use of Suppressor tRNAs to Generate Fusion Proteins 

The recombinational cloning techniques described above permit the 
rapid movement of nucleic acids (e.g., a member of a cDNA library) flanked 
by recombination sites from one vector to one or more other vector. Because 
the recombination event is site specific, the orientation and reading frame of 
the nucleic acid can be controlled with respect to the vector. This control 
makes the construction of fusions between sequences present on the nucleic 
acid inserts and sequences present on the vector a simple matter. 

Site specificity also allows for the joining of multiple nucleic acid 
segments to form contiguous nucleic acid molecules, and the subsequent 
insertion of such contiguous molecules into vectors, as well as the transfer of 
such contiguous molecules between vectors. 

In general terms, nucleic acid may be expressed in four forms: native 
at both amino and carboxy termini, modified at either end, or modified at both 
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ends. A construct containing the nucleic acid molecules being transferred 
{e.g., members of a cDNA library) may include the N-terminal methionine 
ATG codon, and a stop codon at the carboxy end, of the open reading frame, 
or ORF, thus ATG - ORF - stop. Frequently, the expressible nucleic acid 
construct will include translation initiation sequences, tis, that may be located 
upstream of the ATG that allow expression of the gene, thus tis - ATG - ORF - 
stop. Constructs of this sort allow expression of a nucleic acid which encodes 
a protein that contains the same amino and carboxy amino acids as in the 
native, uncloned, protein. When such a construct is fused in-frame with an 
amino-terminal tag, e.g., GST, the tag will have its own tis, thus tis - ATG - 
segment - tis - ATG » ORF - stop, and the bases comprising the tis of the ORF 
will be translated into amino acids between the tag and the ORF. In addition, 
some level of translation initiation may be expected in the interior of the 
mRNA (i.e., at the ORFs ATG and not the tag's ATG) resulting in a certain 
amount of native protein expression contaminating the desired protein. 
DNA (lower case): tisl - atg - tag - tis2 - atg - orf - stop 
RNA (lower case, italics): tisl - atg - tag - tis2 -atg -orf- stop 
Protein (upper case): ATG - TAG - TIS2 - ATG - ORF (tisl and stop are not 
translated) + contaminating ATG - ORF (translation of ORF beginning at tis2). 

Using recombinational cloning, it is a simple matter for those skilled in 
the art to construct a vector containing nucleic acid which encodes a tag 
adjacent to a recombination site permitting the in-frame fusion of the nucleic 
acid to the C- and/or N-terminus of the ORF of interest. 

Given the ability to rapidly create a number of clones in a variety of 
vectors, there is a need in the art to maximize the number of ways a single 
cloned nucleic acid can be expressed without the need to manipulate the 
construct itself. The present invention meets this need by providing materials 
and methods for the controlled expression of a C- and/or N-terminal fusion to 
the expression product of a nucleic acid insert using one or more suppressor 
tRNAs to suppress the termination of translation at a stop codon. Thus, the 
present invention provides materials and methods in which nucleic acid 
molecules are prepared flanked with recombination sites. 
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The construct is prepared with a sequence coding for a stop codon 
optionally at the C-terminus of the nucleic acid encoding the protein of 
interest. In some embodiments, a stop codon can be located adjacent to the 
gene, for example, within the recombination site flanking the expressible 
nucleic acid. The nucleic acid inserts can be transferred through 
recombination to various vectors which can provide various C-terminal or 
N-terminal tags (e.g., GFP, GST, His Tag, GUS, etc.) to the final expression 
product. When the stop codon is located at the carboxy terminus of the 
expression product, expression of a product with a "native" carboxy end amino 
acid sequence occurs under non-suppressing conditions (Le. 9 when the 
suppressor tRNA is not expressed) while expression of a product having a 
carboxy fusion protein occurs under suppressing conditions. The present 
invention is exemplified using an amber suppressor supF, which is a particular 
tyrosine tRNA gene (tyrT) mutated to recognize the UAG stop codon. Those 
skilled in the art will recognize that other suppressors and other stop codons 
could be used in the practice of the present invention. Those skilled in the art 
will also recognize that it may be necessary to charge suppressor tRNA 
molecules with an appropriate amino acid residue. This may be accomplished 
in vivo by modulating the activity an amino acyl-tRNA synthetase. 

In the present example, the gene coding for the suppressing tRNA has 
been incorporated into the vector from which the nucleic acid inserts are to be 
expressed. In other embodiments, the gene for the suppressor tRNA may be in 
the genome of the host cell. In still other embodiments, the gene for the 
suppressor may be located on a separate vector and provided in trans. In 
embodiments of this type, the vector containing the suppressor gene may have 
an origin of replication selected so as to be compatible with the vector 
containing the expressible nucleic acid. The selection and preparation of such 
compatible vectors is within ordinary skill in the art. Those skilled in the art 
will appreciate that the selection of an appropriate vector for providing the 
suppressor tRNA in trans may include the selection of an appropriate antibiotic 
resistance marker. For example, if the vector expressing the expression 
products of the nucleic acid inserts contains an antibiotic resistance marker for 
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one antibiotic, a vector used to provide a suppressor tRNA may encode 
resistance to a second antibiotic. This permits the selection for host cells 
containing both vectors. 

In some embodiments, more than one copy of a suppressor tRNA may 
be provided in all of the embodiments described above. For example, a host 
cell may be provided that contains multiple copies of a gene encoding the 
suppressor tRNA. Alternatively, multiple copies of the suppressor tRNA 
coding sequences under the same or different promoters may be provided in 
the same vector as the nucleic acid inserts. In some embodiments, multiple 
copies of a suppressor tRNA may be provided in a different vector than the 
one use to contain the nucleic acid inserts. In other embodiments, one or more 
copies of the suppressor tRNA gene may be provided on the vector containing 
the nucleic acid encoding the protein of interest and/or on another vector 
and/or in the genome of the host cell or in combinations of the above. When 
more than one copy of a suppressor tRNA gene is provided, the genes may be 
expressed from the same or different promoters which may be the same or 
different as the promoter used to express the nucleic acid encoding the protein 
of interest. 

In some embodiments, two or more different suppressor tRNA genes 
may be provided. In embodiments of this type one or more of the individual 
suppressors may be provided in multiple copies and the number of copies of a 
particular suppressor tRNA gene may be the same or different as the number 
of copies of another suppressor tRNA gene. Each suppressor tRNA gene, 
independently of any other suppressor tRNA gene, may be provided on the 
vector used to express the nucleic acid of interest and/or on a different vector 
and/or in the genome of the host cell. A given tRNA gene may be provided in 
more than one place in some embodiments. For example, a copy of the 
suppressor tRNA may be provided on the vector containing the nucleic acid of 
interest while one or more additional copies may be provided on an additional 
vector and/or in the genome of the host cell. When more than one copy of a 
suppressor tRNA gene is provided, the genes may be expressed from the same 
or different promoters which may be the same or different as the promoter 
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used to express the nucleic acid encoding the piotein of interest and may be the 
same or different as a promoter used to express a different tRNA gene. 

With reference to Figures 20A-20B, the GUS gene was cloned in frame 
with a GST gene separated by the TAG codon. The plasmid also contained a 
supF gene expressing a suppressor tRNA. The plasmid was introduced into a 
host cell where approximately 60 percent of the GUS gene was expressed as a 
fusion protein containing the GST tag. In control experiments, a plasmid 
containing the same GUS-stop codon-GST construct did not express a 
detectable amount of a fusion protein when expressed from a vector lacking 
the supF gene. In this example, the supF gene was expressed as part of the 
mRNA containing the GUS-GST fusion. Since tRNAs are generally processed 
from larger RNA molecules, constructs of this sort can be used to express the 
suppressor tRNAs of the present invention. In other embodiments, the RNA 
containing the tRNA sequence may be expressed separately from the mRNA 
containing the gene of interest. 

In some embodiments of the present invention, the nucleic acid inserts 
and the gene expressing the suppressor tRNA may be controlled by the same 
promoter. In other embodiments, the nucleic acid inserts may be expressed 
from a different promoter than the suppressor tRNA. Those skilled in the art 
will appreciate that, under certain circumstances, it may be desirable to control 
the expression of the suppressor tRNA and/or the nucleic acid inserts using a 
regulatable promoter. For example, either the nucleic acid inserts and/or the 
gene expressing the suppressor tRNA may be controlled by a promoter such as 
the lac promoter or derivatives thereof such as the tac promoter. In the 
embodiment shown, both the nucleic acid inserts and the suppressor tRNA 
gene are expressed from the T7 RNA polymerase promoter. Induction of the 
17 RNA polymerase turns on expression of both the expressible nucleic acid 
of interest (GUS in this case) and the supF gene expressing the suppressor 
tRNA as part of one RNA molecule. 

In some embodiments, the expression of the suppressor tRNA gene 
may be under the control of a different promoter from that of the expressible 
nucleic acid of interest. In some embodiments, it may be possible to express 
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the suppressor gene before the expression of the nucleic acid inserts. This 
would allow levels of suppressor to build up to a high level, before they are 
needed to allow expression of a fusion protein by suppression of a the stop 
codon. For example, in embodiments of the invention where the suppressor 
5 gene is controlled by a promoter inducible with IPTG, the nucleic acid inserts 

are controlled by the T7 RNA polymerase promoter and the expression of the 
17 RNA polymerase is controlled by a promoter inducible with an inducing 
signal other than IPTG, e.g., NaCl, one could turn on expression of the 
suppressor tRNA gene with IPTG prior to the induction of the T7 RNA 

10 polymerase gene and subsequent expression of the expressible nucleic acid of 

interest. In some embodiments, the expression of the suppressor tRNA might 
be induced about 15 minutes to about one hour before the induction of the T7 
RNA polymerase gene. In a embodiment, the expression of the suppressor 
tRNA may be induced from about 15 minutes to about 30 minutes before 

15 induction of the 17 RNA polymerase gene. In the specific example shown, the 

expression of the T7 RNA polymerase gene is under the control of a salt 
inducible promoter. A cell line having an inducible copy of the T7 RNA 
polymerase gene under the control of a salt inducible promoter is 
commercially available from Invitrogen Corp., Carlsbad, CA under the 

20 designation of the BL21 SI strain. 

In some embodiments, the expression of the nucleic acid inserts and 
the suppressor tRNA can be arranged in the form of a feedback loop. For 
example, the nucleic acid inserts may be placed under the control of the 17 
RNA polymerase promoter while the suppressor gene is under the control of 

25 both the 17 promoter and the lac promoter, and the 17 RNA polymerase gene 

itself is transcribed by both the T7 promoter and the lac promoter, and the T7 
RNA polymerase gene has an amber stop mutation replacing a normal tyrosine 
stop codon, e.g., the 28 th codon (out of 883). No active 17 RNA polymerase 
can be made before levels of suppressor are high enough to give significant 

30 suppression. Then expression of the polymerase rapidly rises, because the 17 

polymerase expresses the suppressor gene as well as itself. In other 
embodiments, only the suppressor gene is expressed from the 17 RNA 
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polymerase promoter. Embodiments of this type would give a high level of 
suppressor without producing an excess amount of T7 RNA polymerase. In 
other embodiments, the 17 RNA polymerase gene has more than one amber 
stop mutation (see, e.g., Figure 20B). This will require higher levels of 
suppressor before active T7 RNA polymerase is produced. 

In some embodiments of the present invention it may be desirable to 
have more than one stop codon suppressive by more than one suppressor 
tRNA. With reference to Figure 21, a vector may be constructed so as to 
permit the regulatable expression of N- and/or C-terminal fusions of a protein 
of interest from the same construct. A first tag sequence, TAG1 in Figure 21, 
is expressed from a promoter represented by an arrow in the figure. The tag 
sequence includes a stop codon in the same reading frame as the tag. The stop 
cbdon 1, may be located anywhere in the tag sequence and may be located at 
or near the C-terminal of the tag sequence. The stop codon may also be 
located in the recombination site RSi or in the internal ribosome entry 
sequence (IRES). The construct also includes an expressible nucleic acid of 
interest (GENE) which includes a stop codon 2. The first tag and the nucleic 
acid insert may be in the same reading frame although inclusion of a sequence 
that causes frame shifting to bring the first tag into the same reading frame as 
the expressible nucleic acid of interest is within the scope of the present 
invention. Stop codon 2 is in the same reading frame as the expressible 
nucleic acid of interest and may be located at or near the end of the coding 
sequence for the gene. Stop codon 2 may optionally be located within the 
recombination site RS2. The construct also includes a second tag sequence in 
the same reading frame as the expressible nucleic acid of interest indicated by 
TAG2 in Figure 21 and the second tag sequence may optionally include a stop 
codon 3 in the same reading frame as the second tag. A transcription 
terminator may be included in the construct after the coding sequence of the 
second tag (not shown in Figure 21). Stop codons 1, 2 and 3 may be the same 
or different. In some embodiments, stop codons 1, 2 and 3 are different. In 
embodiments where 1 and 2 are different, the same construct may be used to 
express an N-terminal fusion, a C-terminal fusion and the native protein by 
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varying the expression of the appropriate suppressor tRNA. For example, to 
express the native protein, no suppressor tRNAs are expressed and protein 
translation is controlled by the IRES. When an N-terminal fusion is desired, a 
suppressor tRNA that suppresses stop codon 1 is expressed while a suppressor 
tRNA that suppresses stop codon 2 is expressed in order to produce a 
C-tenninal fusion. In some instances it may be desirable to express a doubly 
tagged protein of interest in which case suppressor tRNAs that suppress both 
stop codon 1 and stop codon 2 may be expressed. 

Example 3: Identification of Proteins which Interact with a Known 
Target Protein 

The DPI protein is known to interact with co-transcription factors of 
the E2F family, many members of which are known. (See, e.g., Harbour and 
Dean, Nat Cell Biol 2:E65 (2000); Muller and Helin, Biochim. Biophys. Acta 
i4:1470 (2000); Ohtani K, Front. BioscL 1:4 (1999)). The vector pMAB32, 
which is a derivative of pDBLeu (a yeast two-hybrid vector), contains DNA 
encoding the full length human DPI coding region fused at the N-tenninus of 
DPI to the GAL4 DNA binding domain (Gal4 DB). 

A cDNA library derived from mouse brain RNA was constructed in 
vector pMAB58. This vector is an RC-compatible E. coZi/yeast two-hybrid 
shuttle vector which contains the Activation Domain of GAL4 (Gal4AD). 
The resulting library fuses the GAL4 AD to the 5* end of the cDNA population 
such that the cDNA is flanked by attB sites (attBl and attB2: 
GAL4AD-a#B l-cDNA-a#B2). It should be noted that because this library 
contains random 5' ends, only 1/3 of the library is in the correct reading frame 
for the GAL4 AD fusions. The attBl site is situated such that the AD fusion 
domain and attBl site are in the same reading frame. 

Yeast strain MaV203 contains three GAL4-responsive reporter genes 
for use in two-hybrid analysis. As a first selection, a population of cDNAs 
fused to the GAL4 AD region was screened against a fusion of human DPI 
protein fused to GAL4 DB. Approximately 1.5 x 10 6 total transformants were 
analyzed of which approximately 106 colonies were found to induce the HIS3 
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reporter gene. These colonies represent a subpopulation which presumably 
encode proteins that interact with DPI. PCR analysis indicated that at least 
some of these candidate interactors represented E2F factors and were therefore 
valid interacting proteins. Based on these preliminary results, a subpopulation 
representing candidates of E2F1, E2F4 and E2F5 were isolated from yeast and 
introduced into E. colt Note that because the initial selection was developed 
to identify interacting proteins (as Activation Domain-cDNA protein fusions), 
the resulting subset contains cDNAs that are in frame with GAL4AD. 
Consequently, this cDNA is also expected to be in frame with atfBl. 

A second selection was applied to this subpopulation in which the 
clones interacting with DPI were further selected to identify those also able to 
express protein in E coli when fused to either a HES6 fusion tag or a GST 
fusion tag. For this, the above selected DNAs were isolated from E. coli, 
incubated in vitro with an appropriate atfP vector (pDONR201) and BP 
Clonase™. After overnight incubation, Destination Vector (attRs) DNAs 
which encoded a T7 RNA Polymerase promoter and N-terminal His6 tag or an 
N-terminal GST-fusion tag and LR Clonase™ was added. Resulting clones 
contained the DNA segment encoding a protein that interacted with DPI, now 
in a His6 fusion vector in £ coli strain BL21SI, which encoded the T7 RNA 
polymerase under control of a salt inducible promoter. 

Two random colonies from each reaction were grown in liquid media 
then induced to express protein by addition of NaCl. After an expression 
period, the cells were lysed and samples loaded onto an SDS-Polyacrylamide 
gel for identification of coomassie-staining protein bands corresponding to the 
induced proteins. Novel bands were observed in induced samples (but not in 
uninduced samples) for both GST and HIS fusions for E2F1 and E2F4. DNA 
sequence analysis revealed that the 5' ends of the cDNAs encoding these 
' proteins were in the appropriate reading frame with the attBl and AD. The 
predicted molecular weights of these fusion proteins were consistent with the 
induced bands on the protein gel. In contrast, no protein expression was 
observed for GST or HIS fusions of the EF5 clones tested. DNA sequence 
analysis of these clones showed that like E2F1 and E2F4 clones, the E2F5 
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clones were in the expected reading frame to allow expression. Similar results 
were observed for additional independent clones of E2F5 assayed. Hence, 
selection for proteins that interacted with DPI provided representatives E2F1, 
E2F4 and E2F5, while imposing a second selection (protein expression in E. 
coli as GST or HIS fusions) generated the subset E2F1 and E2F5. 

Example 4: In vitro Selection by Hybridization 

The vector pCMVSPORT6.0 (Figure 34A-34D) contains attBl and 
o#B2 sites flanking a multiple cloning site. A cDNA library of high 
complexity (>10 6 individuals) constructed in this vector is used to identify 
potential members that encode 7-transmembrane helix proteins. First, a 
degenerate oligonucleotide is designed that corresponds to domains largely 
conserved in such protein types. A representative protein may resemble the 
human beta-2 adrenergic receptor (see, e.g., GenBank Accession No. 
M15169). A liquid hybridization with this oligonucleotide is performed 
according to methods previously described (see, e.g., U.S. Patent No. 
5,759,778) and cDNAs that hybridize to the probe are isolated, made double 
stranded and introduced into E. coli by transformation. Resulting clones are 
pooled, cultivated and DNA is prepared. The resulting mix represents a 
subpopulation of the original library that potentially encode authentic 
7-transmembrane helix proteins. The mixture further contains other proteins 
with DNA sequence homology to the probe that are not 7-transmembrane helix 
proteins, and false positives. Plasmid DNA from this population is prepared 
and reacted with a vector containing att? sites (e.g., pDONR201, Invitrogen 
Corp., Carlsbad, CA, Cat. No. 11798-014) in the presence of buffer and BP 
CLONASE™ to generate a population of ENTRY clones, which can be 
recovered in E. coli. 

Alternatively, a sample of this in vitro mixture can be reacted directly 
with a Destination Vector (containing attR sites) in buffer and LR Clonase™, 
to generate Expression Clones (containing atiB sites) that harbor the cDNA in 
vectors encoding an N-terminal fusion to Green Fluorescent Protein (GFP). 
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This population is subsequently introduced into E. coli by transformation, and 
DNA from the resulting pool of transformants is prepared and introduced into 
mammalian cells. Resulting transfected cells are examined for those clones in 
which GFP is localized to the membrane. This selection identifies individuals 
originating from a cDNA library that were isolated due to hybridization with a 
degenerate oligonucleotide probe, and that further generated a functional 
N-terminal fusion with GFP (i.e. t was in the proper reading frame with GFP 
and atiBl) and that localized to the cell membrane. Individuals from this 
population could be analyzed by DNA sequence determination (either directly, 
or following transfer via recombinational cloning into a more desirable 
vector). Alternatively, clones possessing the desired properties, features, or 
activities could be subjected to further selections: DNA from the 
subpopulation of cells in which the GFP-cDNA fusion is localized to the 
membrane is recovered and introduced into E. colt DNA from the resulting 
pool of transfonnants is transferred into Adenoviral-based vectors (this can be 
done either by first isolating a pool of ENTRY Clones following reaction with 
pDONR201 (Ihvitrogen Corp., Carlsbad, CA, Cat. No. 11798-014) in a BP 
Clonase™ reaction, or in a single reaction in which a portion of this reaction 
is transferred directly into a mixture of buffer, Adenovirus-Destination Vector 
and LR Clonase™) for in vivo infection of mice with selection for those 
clones that complement a defect in a presumed 7-transmembrane receptor 
protein or provide a phenotype of interest. DNA from the resulting mice is 
isolated and recovered in E. coli, or the cDNA insert is amplified using PCR 
and primers known to flank the cDNA from vector sequences. Because the 
resulting PCR product is flanked by affBl and atfB2 sites, the PCR product 
can be cloned using pDONR201 and BP Clonase™ and used for further 
selections, or characterized directly. 

Example 5: Screening of a PCR Generated Library. 

A collection of four hundred genes are amplified using PCR and 
oligonucleotides containing atfBl (5* oligo) and affB2 (3' oligo). The open 
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reading frames extend from the translation^ start signal ATG, to the 
translational stop codon, with the wild-type stop codon altered to insert an 
amino acid, thereby allowing C-terminal protein fusions. The resulting PCR 
products are transferred using recombinational cloning into pDONR201 in a 
5 reaction with BP Clonase™ to generate a collection of Entry Clones in E. 

coll The resulting Entry Clones are combined into 8 pools of approximately 
50 Entry Clones each, and DNA from the pools is prepared. 

Each pool is transferred, using recombinational cloning (in a reaction 
containing LR Clonase™) into a retroviral Destination vector in which the 

10 ccdB counterselection marker for use in K coli is replaced by a marker 

allowing direct selection in mammalian cells (e.g., Herpes simplex thymidine 
kinase). The in vitro reaction mixture is transfected into packaging cell lines, 
and infectious virus (containing the population of cDNAs derived from the 
Entry Clones) is used to infect a recipient cell line designed to express a 

15 reporter gene in response to induction of the activation of particular 

transcription factors. As a result, cells expressing the reporter identify cDNAs 
that possess the ability to activate any of a number of signal transduction 
pathways. Cells showing a positive signal for induction of the reporter gene 
are pooled, genomic DNA is prepared, and the cDNA harbored by the 

20 retrovirus is rescued using PCR amplification from retroviral sequences. The 

resulting PCR products contain atfBl and attB2 flanking the cDNA, and are 
cloned using recombinational cloning in a reaction with BP Clonase™ and 
pDONR201 (Invitrogen Corp., Carlsbad, CA, Cat. No. 11798-014). Entry 
Clones from this mixture are pooled and represent subpopulations that encode 

25 proteins able to activate certain signal transduction pathways. 

This population of Entry Clones is transferred using LR Clonase™ 
into a Destination Vector that contains a T7 RNA Polymerase responsive 
promoter, and the resulting reaction mixture is added to an in vitro 
transcription/translation reaction containing 17 RNA polymerase. Samples 

30 from the extract are assayed for the presence of proteins that possess kinase 

activity by their ability to utilize radio-labeled NTPs and phosphorylate known 
substrates. Hence, this process has provided selection of a subset of ORFs that 



171 



WO 02/095055 



PCT/US02/15947 



induce specific signal transduction pathways and possess kinase activity. 

Example 6: Transfer of a Library Between Vectors 

5 Parti: Preparation of library for transfer 

An Expression Clone library DNA derived from human brain tissue 
cloned in pCMVSPORT6.0 (Figure 34A-34D) was diluted to 25 ng/^1 based 
on an O.D. value at 260 nm. Samples containing 50 ng, 100 ng and 200 ng (2 
/il, 4jLtl, and 8 jul, respectively) of DNA were then respectively run on a 1% 

10 ethidium bromide (EtBr)-stained agarose gel to determine the quality of the 

library DNA. Depending on the type of library, the DNA generally ran as a 5- 
8 kb supercoiled smear with the major intensity at about 6 kb. The majority of 
the DNA generally ran as a supercoiled plasmid monomer and contained little 
or no non-recombinant vector DNA. 

15 In instances were the library DNA appeared less concentrated than 

calculated from the O.D. readings, aliquots of the original library stock were 
PEG precipitated by adding 0.4 volumes of 30% PEG 8000/1.8M NaCl 
solution, mixing well and spinning at 13,000 rpm for 15 minutes at room 
temperature. The DNA was then dissolved in 10 mM Tris-HCl, at pH 7.5, 

20 1.0 mM EDTA (TE), after which the DNA was again diluted with TE to 25 

ng//xl based on an O.D. value at 260 nm. The diluted DNA was then rerun on 
a EtBr-stained agarose gel as described above to again to determine the quality 
of the library DNA. 

Two aliquots of the 25 ng/jd library DNA was diluted 1/10 and 1/100 

25 to 2.5 ng/fil and 0.25 ng/jal, respectively. One /d of each tube (25 ng, 2.5 ng 

and 0.25 ng total DNA) was then electroplated into DH10B Electromax cells. 
Two ml of S.O.C. medium (Invitrogen Corp., Carlsbad, CA, Catalog No. 
15544-034) was added to each of the transformations, after which the mixtures 
were shaken at 37°C for 1 hour. One hundred fil of these diluted 

30 transformations (10* 4 and 10" 5 for 25 ng, 10" 3 and 10~* for 2.5 ng and 10" 2 and 

10" 3 for 0.25 ng) were then plated on amp plates to determine the total amount 
of DNA in terms of colony forming units/ng (CFU/ng). Generally, 
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approximately 3 x 10 CFU/ng were present based upon a transformation 
efficiency of 10 10 CPU/ fig of pUC DNA. In instances where the colony output 
of the library DNA did not appear to be accurate, the concentration of the 
library DNA was adjusted to approximately 75 x 10 6 CFU//d. 
5 Part II: One Tube Reaction 



BP reactions were set up as follows: 



Table 3 


Component 


Rxnl 


Rxn 2 


Rxn 3 


Rxn 4 


Rxn 5 


TE 


7 III 


5 Ml 


3 Ml 


lMl 


lMl 


Linear pDONR plasmid 
(250ng//d) 


3 nl 


3ftl 


3 Ml 


3 Ml 


3 Ml 


cDNA library (25 ng/jil 
or75xl0 6 CFU/tfl) 


2 jul 


4 jil 


6 Ml 


8 Ml 


8 Ml 


BP Buffer 


4.5 /il 


4.5 Ml 


4.5 Ml 


4.5 Ml 


4.5 Ml 


Fis (1/4 dilution in HfeO of 
0.38 mg/ml) 


1.5 nl 


1.5 Ml 


1.5 Ml 


1.5 Ml 


1.5 Ml 


BP CLONASE™ Storage 
Buffer 










12 Ml 


BP Clonase™ 


12 Hi 


12 Ml 


12 Ml 


12 Ml 




Final BP reaction volume 


30 Hi 


30 Ml 


30 Ml 


30 Ml 


30 Ml 















The tubes containing the above reaction mixtures were incubated at 
25°C overnight. Three fil of Proteinase-K (2 mg/ml) was then added to each 

10 reaction tube, after which the tubes were mixed well and incubated at 37°C for 

10 minutes. The Proteinase K was then heat inactivated by incubating the 
reaction tubes at 75°C for 10 minutes. Five /d of each sample was then run on 
a 1% Sybr Gold gel, after which the efficiency of the BP reaction was 
determined whether a linear 6.5 kb by-product band was present. The linear 

15 12-14 kb co-integrate molecules could generally also be identified on this gel. 

Further, in most instances, there was a shift of the library DNA down in size 
from 6-8 kb to 4-6 kb. 

The following reaction mixtures were then set up for exonuclease 
treatment as follows: 

20 



173 



WO 02/095055 



PCT/US02/15947 



Table 4 


Component 


Volume 


H 2 0 


54 Ml 


BP reaction 


28 Ml 


25 mM ATP 


4 Ml 


lOx Exo buffer 


10 Ml 


Exonuclease I (20 units//! 1) 


2 Ml 


Exonuclease V (10 u/jd) 


2 Ml 


Total volume 


100 Ml 



The reaction tubes were incubated at 42°C for 30 minutes. After 
which, the exonuclease reactions were stopped by incubation at 80°C for 15 
minutes. DNA was then ethanol precipitated by adding 100 fil of TE and 600 
5 fil of ethanol/Na acetate solution and centrifugation at room temperature for 15 

minutes at 13,000 x rpm. The resulting DNA precipitate was dissolved in 30 
fil of TE, 1 fil of which was used to electroporate Electromax DH10B cells. 
Two ml of S.O.C. medium was then added to each transformation and shaken 
at 37°C for 1 hour. For reaction 5, 100 fil of undiluted transformations was 
10 plated on kan and 100 fil of 10" 3 and 10" 4 dilutions on amp. For reactions 1, 2, 

3, and 4, 100 fil of 1CT 3 and 10" 4 dilutions was plated on kan plates and 100 fil 
of 10" 2 and 10" 3 dilutions was plated on amp plates. 

Two LR reactions were set up for the exonuclease treated BP reactions 



1, 2, 3, and 4, as shown in Table 5. 



Table 5 


Component 


No LR Clonase™ 


PlusLR 
Clonase™ 


Exo treated BP reaction 


5 Ml 


15 Ml 


pDEST linearized (150 ng/MD 


1 Ml 


3 Ml 


LR4 buffer 


2 Ml 


6 Ml 


LR storage buffer 


2 Ml 




LR Clonase™ 




6 Ml 


Total reaction volume 


10 Ml 


30 Ml 



15 

The tubes containing the above reaction mixtures were incubated at 
25°C overnight. One fil of Proteinase K solution was added to the no 
Clonase™ reactions and 3 fil of Proteinase K solution was added to the plus 
Clonase™ reactions. The reaction tubes were then mixed and incubated at 
20 37°C for 10 minutes. Five fil of each reaction mixture was then run on a 1% 
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Sybr Gold gel to assess the efficiency of each reaction. Two fil of each 
reaction mixture was electroporated into Electromax DH10B cells. The cells 
were then shaken at 37°C for 1 hour in 2 ml of S.O.C. medium. For the no 
Clonase™ reactions, 100 fil of 10" 3 and 10" 4 dilutions was plated on kan 
5 plates and 100 fil of 10" 2 and 10" 3 dilutions was plated on amp plates. For the 

plus Clonase™ reactions, 100 fil of 10" 2 and 10" 3 dilutions was plated on kan 
plates and 100 fil 10" 3 and 10* 4 dilutions was plated on amp plates. Optionally, 
nucleic acid in the reaction mixtures can be ethanol precipitated and 
concentrated prior to electroporation. 
10 After overnight incubation, colonies were counted. The number of 

amp CPUs, as determined by the number of colonies on the amp plates, in the 
no Clonase™ LR reaction was compared to the number of amp CPUs in the 
plus Clonase™ LR reaction. Clone checker analysis and colony PCR were 
performed to confirm (1) the ratio of new Expression clones to starting 
15 Expression Clones and (2) average size of the inserts. 

Part HI: Two Step/Tube Reaction and Alternative One Tube Reaction 
Nucleic acid of a cDNA library was purified from E. coli using the 
Concert High Purity Plasmid Maxiprep System (Invitrogen Corp. Carlsbad, 
CA, Catalog Series No. 11451). Ten |xg of the library DNA was precipitated 
20 by adding 0.8 volumes of 15% PEG 8000/0.9M NaCl solution. The resulting 

solution was mixed well and centrifuged at 13,000 rpm in a microfuge for 15 
minutes at room temperature. The supernatant was carefully removed and the 
DNA in the pellet was dissolved in 100 fxl of TE. The DNA concentration was 
estimated by reading the OD 260 value. After which, the library DNA was 
25 diluted to about 25 ng/|nl. 

A. BP Reactions 
BP reaction mixtures were prepared as follows: 
BP Clonase™ was thawed on ice and mixed well before use. A 
Supermix of following components was prepared at room temperature: 

30 

Linear pDONR plasmid (250 ng/^il) 10 pi 

BP Buffer 15 |xl 

Fis solution (80 ng/fd) 5 fil 
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Table 6 


Titration of the amount of the starting 
library in BP reaction 


Control library 
transfer 




Titration 


Negative 
control 


Positive 


Negative 
control 


Component 


Rxnl 


Rxn 2 


Rxn 3 


Rxn 4 


Rxn 5 


Rxn 6 


water 




4|xl 


2 Hi 


12 Ml 


2Ml 


6m1 


Supermix 


6 nl 


6^1 


6m1 


6m1 


3m1 


3 Ml 


cDNA library (25 ng/Ml) 


lMl 


2 Ml 


4m1 


2m1 






Positive control library 
(25 ng/nl) 










lyl 


im 


BP CLONASE™ 


8 ixl 


8ul 


8m1 




4 Ml 




Final BP reaction 
volume 


20 Ml 


20 jil 


20 Ml 


20 Ml 


10 Ml 


10 Ml 



The reactions tubes were mixed at room temperature and incubated at 
25°C for 48 hours. Two jil of Proteinase-K (2 mg/ml) was then added to 
5 reaction tubes 1, 2, 3 and 4 and 1 |xl of Proteinase-K (2 mg/ml) was added to 

reaction tubes 5 and 6. All of the tubes were mixed well by pipeting and 
incubated at 37°C for 10 minutes. One pi of each sample was electroporated 
into 25 jjQ Electromax DH10B cells (Invitrogen Corp., Cat. No. 18290-015) 
using the Cell-Porator Electroporation System (Invitrogen Corp.) and the 
10 remaining 21 \xi in reaction tubes 1, 2, 3 and 4 were stored at -20°C. One ml 

of S.O.C. was added to each transformation mixture and shaken at 37°C for 1 
hour. 

A series of dilutions of 100 of the transformation mixtures of 
reaction tubes 4 and 6 (10" 3 , 10" 4 and 10" 5 ) were made in S.O.C. These 

15 dilutions were then plated on LB amp (100 fig/ml) plates to determine the 

number of clones in the starting library. A series of dilutions of the 
transformation mixtures of reaction tubes 1, 2, 3 and 5 (10"\ 10" 2 , 10" 3 and 10" 4 ) 
were also made in S.O.C. and plated on LB amp (100 |xg/ml) and LB kan (50 
Mg/ml) plates to determine the number of clones in the Entry library and the 

20 residual starting library. These plates were incubated at 37°C overnight. 

Successful transfer generally demonstrated >50% conversion and <2% 
of residual starting library. The following formulas were used to determine the 
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% conversion and the % residual: 

% converted = [#KAN colonies (rxn 1, 2, 3, 5) with Clonase™ 
rxn (x) dilution factor]/[(# AMP colonies (rxn 4, 6) no CLONASE™ 
5 rxn (x) dilution factor] (x) [jig of starting library (rxn 4, 6) / \k% of 

starting library (rxn 1, 2, 3, 5)] 

% residual starting library = #AMP colonies (rxn 1, 2, 3, 5) with 
Clonase™ rxn (x) dilution factor/(# Kan colonies (rxn 1, 2, 3, 5) 
10 (x) dilution factor) 

Reactions with the highest entry clone titer and lowest residual starting 
library were chosen for use in the steps set out below. 

B. Construction of an Entry library 

15 Enough DNA from the BP reaction to generate at least 10 million entry 

clones was electroporated into cells. One ml of S.O.C. was added to 25 |il of 
electroporated ElectroMax DH10B cells, which were then shaken at 37°C for 
1 hour. Fifty |xl of the resulting transformation mix was removed and diluted 
10" 2 , 10" 3 , 10" 4 and 10" 5 in S.O.C. 100 \A of the resulting mixtures weie then 

20 plated on LB amp and LB kan plates and incubated at 37°C overnight. Sterile 

glycerol was added to the remaining undiluted transformation reaction (Entry 
library) to a final concentration of 15% and the mixture was stored at -80°C 
for further use. 

The titer of the Entry library was calculated by counting the number of 
25 colonies formed on LB kan plates as described above. 10 million colony 

forming units (CFU) from the frozen stock was then innoculated into 50 ml of 
LB containing kanamycin (50 ng/ml). The mixture was then shaken at 37°C 
until the ODsoo reached 1.0 (approximately 6 hours). The culture was then 
centrifuged and the pellet was stored for later use at -80°C. 
30 The pellet, which contains the Entry library, was thawed at room 

temperature and DNA was isolated using the Concert High Purity Plasmid 
Midiprep System (Invitrogen Corp. Carlsbad, CA, Catalog Series No. 11451). 
The DNA was then resuspended in TE and the O.D. at 260 nm was read to 
estimate the DNA concentration. 
35 Five fxg of the Entry library DNA was precipitated by adding 0.8 
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volumes of a 15% PEG 8000/0.9M NaCl solution. The resulting solution was 
mixed well and centrifuged in a microfuge (13,000 rpm) for 15 minutes at 
room temperature. The supernatant was carefully removed and the DNA in 
the pellet was dissolved in 50 |Jl of TE. The O.D. at 260 nm was again read to 
5 estimate the DNA concentration. 



C. LR reaction to transfer the Entry library to the Expression 
library 

10 0.5 \xg of Entry library DNA was diluted to 25 ng/jol and the remaining 

portion of the Entry library was stored at -20°C. 

LR reaction mixtures were prepared as follows: 
A Supermix of following components was prepared at room 
temperature: 

15 Linear Destination vector (150 ng/|il) 12 pi 

LR Buffer 14 \d 

Water 22 M* 



20 



Table 7 


Library Transfer 
Reactions 


Control Library 
Transfer 




Negative 
control 


Positive 


Negative 
control 


Positive 


Component 


Rxnl 


Rxn2 


Rxn3 


Rxn4 


Water 


6 Ml 




6ul 




Supermix 


12 Ml 


12 Ml 


12 Ul 


12 ul 


Entry cDNA library (25 ng/pl) 


2Ml 








Positive control Entry library 
(25 ne/ul) 






2^1 


2pl 


LR Clonase™ 




6ul 




6m1 


Final LR reaction volume 


20 Ml 


20 Ul 


20 Ml 


20 Ml 



The reaction mixtures were mixed gently at room temperature and 
incubated at 25°C overnight. The samples were then treated with 2 jxl 
Proteinase K at 37°C for 10 minutes. 
25 One \i\ of reaction tubes 1, 2, 3, and 4 was electroporated into 25 Ml 

Electromax DH10B cells. One ml of S.O.C. was also added to reaction tubes 
1, 2, 3, and 4 and the tubes were shaken at 37°C for 1 hour. 100 |ul of each 
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transformation mix were removed and 10" 2 , 10" 3 , 10" 4 and 10" 5 diltuions were 
prepared in S.O.C. 100 nl of the dilutions were then plated on LB amp and LB 
kan plates. The remaining 21 |il in reaction tubes 1, 2, 3 and 4 were stored at 
-20°C. 

5 Successful LR transfer will generally demonstrate >50% conversion 

and -10% of residual Entry library. The following formulas were used to 
determine the % conversion and the % residual: 

% converted = #AMP colonies (rxn 2, 4) with Clonase™ rxn (x) 
dilution factor /(# KAN colonies (rxn 1, 3) no CLONASE™ rxn (x) 
dilution factor). 

% residual starting library = #KAN colonies (rxn 2, 4) with 
Clonase™ rxn (x) dilution factor /(# AMP colonies (rxn 2, 4) (x) 
dilution factor). 

Enough DNA from reaction tube 2 to generate at least 10 million 
Expression clones was electroporated into cells. One ml of S.O.C. was added 
to 25 \jH of electroporated ElectroMax DH10B cells, which were then shaken at 
37°C for 1 hour. Fifty \*1 of the transformation mix was removed and used to 
prepare dilutions of 10' 2 , 10' 3 , 10" 4 and 10" 5 in S.O.C. 100 Ml was then plated 
on LB amp and LB kan plates, which were incubated at 37°C overnight. 
Sterile glycerol was added to the remaining undiluted transformation reaction 
mixtures (Expression library) to final concentration of 15%. These mixtures 
were then stored at -80°C for further use. 

D. Expression Library Analysis 
Analysis of the expression libraries was performed as follows. 
Titer analysis : Colonies on LB amp and LB kan plates were counted to 
30 determine the efficiency of conversion and the total colony output, also 

referred to as the number of colony forming units (CFU), 

Sizing : Forty-four colonies on LB amp plates were randomly chosen 
and picked to confirm the ratio of new Expression library clones to starting 
cDNA library clones and to insure that the average size of the inserts did not 
35 change. 
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Methods which can be used for insert sizing include PCR amplification 
of the cDNA inserts with primers that hybridize to the Expression vector and 
miniprep preparation of plasmid DNA followed by digestion with EcdBI and 
Notl restriction endonucleases. 

Example 7: Transfer of Libraries Between Plasmids 

When transferring libraries or populations of DNA fragments from one 
plasmid backbone to another, it is generally advantageous for the transfer 
reactions to occur with an efficiency such that the representation of the original 
population of molecules remains essentially the same after transfer as it was 
. before the transfer reaction. It is advantageous to transfer highly complex 
populations of molecules with the highest possible level of reaction efficiency 
(approaching 100 percent efficiency or the complete transfer of every molecule 
in the population). 

The Gateway™ system is ideally suited to facilitate the transfer of 
complex populations of molecules. There presently exists many cDNA 
libraries already established as Gateway™ Expression Clones. These 
Expression Clones contain attB sites flanking their cDNA inserts. Thus, the 
first step in the transfer of an Expression Clone library would require a BP 
reaction. The subsequent Entry Clone products would then be used in an LR 
reaction with a Destination vector of choice. 

The efficiency of BP reactions are highest when the DNA substrates 
consist of a supercoiled attP molecule reacted with a linear attB molecule. 
One common way to linearize a molecule at specific sites is to digest the 
plasmid with restriction endonucleases. However, not all Expression Clone 
libraries may contain the appropriate restriction sites and there will be insert 
molecules that would also be cut by the enzyme and thus could not be 
transferred by this method. It would be advantageous to optimize the BP 
reaction such that supercoiled attB molecules could be used as the substrate 
for the reaction. This would simplify the reaction and be generally applicable 
to all Expression Clone libraries. 
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Experiment 1: Test of DNA topologies in BP reactions 

Expression Clones (linear and supercoiled) were reacted with attP 
Donor vectors (linear and supercoiled) in BP reactions. The cloning efficiency 
5 of two different Expression Clone DNAs (containing the lacZ alpha fragment 

and tetR inserts) at two different concentrations (25 fmoles and 50 fmoles) 
were compared in standard BP reaction conditions (300 ng attP plasmid, 4 jil 
of BP CLONASE™ in 20 reaction volume). Reaction efficiency was 
assessed following overnight incubation by gel electrophoresis and 
10 transformation (see data in Table 8). 



Table 8. Colony output from BP reactions expressed in colonies/ 
transformation. 



Expression 
Clone 


fmoles 


sc B x sc P 


sc B x tin P 


UnBxscP 


lin B x tin P 


lacZ alpha 


25 


4,700 


29,000 


65,000 


33,400 


50 


6,700 


34,500 


92,000 


45,000 














Tet 


25 


13,000 


30,700 


64,000 


39,000 


50 


19,500 


42,900 


99,000 


82,000 



15 This experiment shows that supercoiled otfB Expression Clones can be 

most efficiently reacted with linear atfP Donor plasmid. 

Experiment 2: Inclusion of Fis in a Recombination Reaction 

It has been shown that the Fis protein can enhance the output of the BP 
20 reaction. The effect of Fis protein was thus tested in BP reactions with the Tet 

Expression Clone DNA. Reactions were prepared with 300 ng of supercoiled 
or linear atfP Donor plasmid reacted with 200 ng of supercoiled or linear Tet 
Expression Clone DNA in the presence (24 ng in a 20 fxl reaction) and absence 
of Fis protein. The results are summarized in Table 9. 

25 
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Table 9. The effect of Fis protein in BP reactions. 



Reaction 
time 


sc B x lin P 


scBxlinP + Fis 


UnB x sc P 


UnBxscP + Fis 


1 hour 


3,700 


37,250 


86,000 


129400 


overnight 


280,500 


900,000 


835455 


935,000 



The experiment shows that linear att? Donor vectors are much less 
efficient in cloning than supercoiled vectors after 1 hour reactions but given 
5 enough time this difference can be minimized. Fis protein stimulates reactions 

with both linear and supercoiled attP Donor plasmids but the greatest effect of 
Fis is seen with linear attP plasmid. 

Example 8: Optimization ' of One-Tube Reactions with Supercoiled attB 
10 Expression Clones 

An Entry clone containing the lacZ open-reading-frame (ORF) but 
lacking the first ATG codon (pENTR201-no ATG-LacZ, derived from 
pENTR201 was constructed. The lacZ ORF was then transferred via LR 

15 reactions into different Destination Vectors. It was observed by plating on X- 

Gal plates that blue colonies were generated when this lacZ ORF was cloned 
into pDEST2 (pEXP2-no ATG-LacZ, see Figure 22 of U.S. Appl No. 
09/517,466, filed March 2, 2000 and pDEST8 (pEXP8-no ATG-LacZ, 
Invitrogen Corp., Carlsbad, CA, Cat. No. 11804-010) while white colonies 

20 were generated when cloned into pDEST6 (pEXP6-no ATG-LacZ, see Figure 

26 of U.S. Appl. No. 09/517,466, filed March 2, 2000 and pDEST14 
(pEXP14-no ATG-LacZ, Invitrogen Corp., Carlsbad, CA, Cat. No. 
11801-016). Thus these lacZ Expression clones can be used to assess the 
efficiency of one-tube transfers from one Destination Vector to another simply 

25 by plating on X-Gal. 

As shown above in Example 7, supercoiled Expression Clone DNAs 
react most efficiently in BP reactions with linear attP DONOR Vector and Fis 
protein. Furthermore, the optimal transfer of inserts into a new Destination 
Vector would require limiting amounts of the starting Expression Clone DNA 

30 in order to minimize the amount of starting Expression Clone DNA 
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contaminating the product of a one-tube reaction. The following experiment 
was used in part to determine the optimal amounts of linear pDONR vector 
and BP Clonase required for maximum efficiency of transfer in one-tube 
reactions. 



Table 10, BP reactions with 40 ng pEXP8-no ATG-LacZ in a 20 final 
volume. 





Iin att? 


Fis 


BP Clonase 


Kan 


Amp 


Ratio 




(ng) 


(ng) 


(MD 


Colonies 
(cfu/ml) 


Colonies 
(cfu/ml) 


Kan/Amp 


1 


300 


50 


0 


198 


298,000 


0 


2 


300 


50 


4 


24,700 


66,500 


0.4 


3 


300 


50 


8 


115,300 


18,950 


6.1 


4 


450 


75 


8 


97,000 


15,800 


6.1 


5 


600 


100 


8 


81,500 


5,560 


14.7 


6 


600 


100 


10 


110,000 


3,600 


30.6 



The experiment shows that although the maximum number of Entry 
Clones produced reaches a plateau with 300 ng of pDONR plasmid, more 
Expression Clones are reacted by adding more pDONR plasmid and more BP 
Clonase. 



Table 11. One-tube reactions with pEXP8-no ATG-LacZ (blue) to pEXP14- 
no ATG-LqcZ (white) r _ 





Lin affP 


Fis 


BP Clonase 


White 


Blue 


Ratio 




(ng) 


(ng) 




Colonies 


Colonies 


White/Blue 


1 


300 


50 


0 


0 


160,000 


0 


2 


300 


50 


4 


18,500 


65,000 


0.3 


3 


300 


50 


8 


42,650 


10,600 


4.0 


4 


450 


75 


8 


45,300 


11,800 


3.8 


5 


600 


100 


8 


29,200 


4,175 


7.0 


6 


600 


100 


10 


10,825 


6,025 


1.8 



Based on the results shown above, we have chosen to use 600 ng of 
linear att? DONOR plasmid and 8 juil of BP Clonase in library transfer 
protocols. 
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Example 9: Escherichia cott Fis Protein Stimulates Integrative 
Recombination by Bacteriophage Lambda Int 

5 Background 

Fis is a 98 amino acid homodimeric protein found in Escherichia coli 
and Salmonella typhimurium, as well as many other prokaryotes. It was first 
identified due to its role in regulating DNA recombination reactions carried 
out by the DNA invertase family (Johnson, R.C. et al (1986) Cell 46:531-9 

10 and Koch, C. and Kahmann, R. (1986) 7. Biol Chem. 261:15673-8). Fis is a 

member of a group of proteins known as the NAPS, or nucleoid-associated 
proteins, which perform numerous regulatory functions in the cell, and are 
often isolated as part of the mass of protein-DNA which forms the E. coli 
nucleoid (Pan, C.Q. et al (1996) 7 Mol Biol 264:675-95). Most members of 

15 this family appear to be involved in specific or non-specific DNA interactions 

involving bending, looping, or condensation of the DNA substrate. Other 
roles for Fis were later identified, including its function as a transcriptional 
activator of a wide number of promoters (Nilsson, L. et al (1990) EMBO 7. 
9:727-34; Ross, W. et al (1990) EMBO 7 9:3733-42; Xu, J. and Johnson, 

20 R.C. (1995) 7 Bacteriol 177:5222-31), a repressor of another set of promoters 

(Ball, C.A. et al (1992) 7. Bacteriol 174:8043-56; Koch, C. et al (1991) 
Nucl Acids Res. 19:5915-22; Xu, J. and Johnson, R.C. (1995a) 7. Bacteriol 
177:938-47), a cofactor for DNA replication (Filutowicz, M. et al (1992) 7. 
Bacteriol 174:398-407) and cell division/chromosome separation (Paull, T.T. 

25 and Johnson, R.C. (1995) 7 Biol Chem. 270:8744-54), and a participant in 

site-specific recombination of bacteriophage lambda (Thompson, J.F. et al. 
(1987) Cell 50:901-8; Ball, C.A. and Johnson, R.C. (1991) 7. Bacteriol. 
173:4027-31; Ball, C.A, and Johnson, R.C. (1991) 7 Bacteriol 173: 4032-8). 
Cellular levels of Fis vary dramatically during the E. coli cell cycle depending 

30 on the growth stage and the availability of nutrients (Ball, C.A. et al (1992) 7. 

Bacteriol 174:8043-56; Thompson, J.F. et al (1987) Cell 50:901-8). 
Calculations predict that during log phase growth, enough Fis is present in 
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cells to bind every 500 base pairs along the chromosome. However, as cells 
enter stationary phase or are deprived of nutrients, levels of Fis drop to almost 
undetectable amounts (Ball, C.A. et al. (1992) 7. Bacteripl 174:8043-56). 

Fis is capable of non-specific binding to DNA in vitro, but it has a 
5 considerably higher affinity for a series of sites with a degenerate 15 base pair 

consensus sequence which loosely resembles an inverted repeat (Pan, C.Q. et 
al (1996) J. Mol Biol 264:675-95; Bruist, M.F. et al (1987) Genes Dev. 
1:762-72; Bokal, A J. et al. (1995) /. Mol Biol 245:197-207). 

DNA footprinting shows clear contacts between the protein and the 

10 DNA in these 15 base pair Fis binding sites; however, the DNA sequence 

alone appears to be a poor predictor of Fis binding affinity, and local DNA 
structure may influence the activity of a given Fis binding site. Fis bends 
DNA upon specific binding, and the degree of bending appears to depend upon 
the particular Fis binding site (Thompson, IF. and Landy, A. (1988) Nucl 

15 Acids Res. 16: 9687-9705.; Pan, C.Q. et al (1996) Biochemistry 35: 4326-33). 

Bend angles between 45 and 90 degrees have been observed in different 
experiments using different DNA substrates (Thompson, J.F. and Landy, A. 
(1988) Nucl Acids Res. 16:9687-9705). 

The role of Fis in lambda site-specific recombination was first 

20 identified by Thompson et al., who observed a 20-fold stimulation of lambda 

excision in vitro with Fis in the presence of suboptimal levels of the lambda 
Xis protein (Thompson, J.F. et al. (1987) Cell 50:901-8). At saturating Xis 
levels, Fis appeared to have no effect on excision in vitro. Part of the 
explanation for this effect appears to lie in the overlapping binding sites for the 

25 two proteins. The two Xis binding sites, XI and X2 are on the atiR arm of the 

recombination substrates, and the X2 site overlaps the Fis consensus sequence 
significantly. Cooperativity in binding is observed with Fis and Xis, just as it 
is with Xis alone; in fact, Fis appears to simply substitute for Xis in cases 
where Xis concentration is limiting (Thompson, J.F. et al (1987) Cell 50:901- 

30 8). 

Genetic evidence from Ball and Johnson (Ball, C. A. and Johnson, R.C. 
(1991) J. Bacteriol 173:4027-31; Ball, C.A. and Johnson, R.C. (1991) J. 
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BacterioL 173:4032-8) demonstrated that not only could Fis stimulate excision 
of phage lambda, but that lysogeny was also enhanced by the presence of Fis. 
These experiments, carried out in vivo using phage mutated in the F site and/or 
E. coli lacking Fis, demonstrated a 15-fold drop in lysogenization frequency 
5 when Fis was deleted (Ball, C.A. and Johnson, R.C. (1991) J. Bacterid 

173:4032-8). A part of this decrease is clearly due to the loss of Fis as a 
regulator in non-recombination related events. However, a mutation of the F 
site which eliminates Fis binding without affecting Xis binding, still leads to a 
loss of 2-3 fold in lysogenization frequency, suggesting that Fis plays a role in 
10 integration as well as excision. Previous experiments carried out in vitro with 

Fis to look at integration did not identify any effect of Fis on the reaction 
(Thompson, IF. et al (1987) Cell 50:901-8). 

Examples of the use of Fis to stimulate recombination 

15 Addition of between 200 and 500 nM Fis to a standard BP CLONASE™ 

Gateway™ reaction will produce optimal stimulation of recombination 
product formation and number of output colonies. Similar levels of Fis will 
also stimulate reactions in which the topology of BP substrates are reversed; 
that is, using a linear P and supercoiled B substrate (library transfer). In both 

20 cases, the standard reaction conditions for the BP Clonase™ reaction can be 

used. The same optimal range of Fis will also stimulate recombination 
reactions containing single P and B recombination sites under the same 
reaction conditions as reactions in the absence of Fis. 

25 Summary of the levels of Fis stimulation of recombination 

A. Single Recombination Site reactions 

Optimal Fis stimulation is observed over a range of 200-500 nM Fis 
and 5 nM DNA. Fis stimulates all single-site integration reactions regardless 
of topology of substrates. The standard reaction using supercoiled attP and 
30 linear attB sites is stimulated up to 10-fold in the presence of lower levels of 

Int. The reverse topology reaction, using supercoiled attB and linear attP sites 
is stimulated up to 5-fold at various salt concentrations. The reaction between 
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linear attV and linear attB sites is stimulated up to 3-fold by Fis. 

B. Dual Recombination Site reactions (Gateway™) 

Optimal Fis stimulation is observed over a range of 200-500 nM Fis 

and 5 nM DNA. Fis stimulates the production of BP reaction product up to 
5 3-fold depending on conditions. This stimulation appears to be due entirely to 

the stimulation of the resolution of the cointegrate, as cointegrate formation is 

unaffected. Standard Gateway™ reactions can be stimulated simply by 

adding Fis to the reaction under the same conditions as those normally used. 

In the reverse topology Gateway™ reaction (linear P, supercoiled B), Fis 
10 stimulates the production of product slightly, but significantly increases the 

amount of starting B substrate which is converted into cointegrate. 

Results 

Production of Fis — The E. colifis gene was cloned into pLDE15 downstream 

15 of the lambda Pl promoter under control of the heat-inducible lambda cl 857 

repressor. This construct expressed Fis at high levels upon induction at 42°C 
and a series of extracts were made to test purification protocols. 

A final protocol was developed in which a liter of culture would 
produce 2-3 milligrams of purified (>90%) Fis. The procedure involved 

20 sonication to form a crude extract, followed by chromatography on Heparin 

sulfate, followed by ion-exchange chromatography on MonoS. The purified 
protein contains a few minor contaminants which could be further removed, 
possibly by either heating the extract before purification (as Fis is completely 
heat stable to boiling for up to 10 minutes), or by crystallization of Fis by 

25 complete dilution of salt. Both of these methods have been used in the 

literature. The final Fis sample was dialyzed into buffer containing 50% 
glycerol and 0.5M NaCl and was aliquoted into several tubes stored at either - 
20°C or -80°C. The purified Fis was assayed for activity using a gel 
retardation assay similar to those published in the literature and found to have 

30 apparent Kd values between 10-30 nM. 



187 



WO 02/095055 



PCT/US02/15947 



Effect of Fis on Excisive Recombination — The effect of Fis on excision in 
vitro was measured using the double-site LR assay using supercoiled 
pEZ11104 (attL) and linearized pRCATl (atfR). As shown in Figure 22, 
increasing amounts of Fis protein showed a slight stimulation of the amount of 
5 recombinant product at high levels of Xis. However, as Xis levels were 

decreased, the stimulation by Fis was increased, such that at very limiting 
levels of Xis, maximal Fis stimulation reached 10-15 fold. Maximal 
stimulation by Fis seemed to occur between 30-125 ng Fis per 20 |utl reaction. 
Because of the rapid conversion of cointegrate into product, it is difficult to 
10 analyze whether Fis affects both cointegrate formation and resolution; 

however, it is likely that stimulation is observed at both steps, and the level of 
stimulation appears to be similar. 

Effect of Fis on Integrative Cointegrate Resolution — Figure 23 shows the 
15 effect of Fis addition to a double-site BP assay using supercoiled pDONR201 

(attP) and linearized pBGFPl (a#B). The percentage of recombination 
products is increased 2-4 fold in the presence of optimal levels of Fis (again, 
30-120 ng/reaction). Also, stimulation by Fis is greater at higher salt, which is 
a condition that normally disfavors cointegrate resolution. There is no 
20 observable effect on cointegrate formation in the presence of Fis at any salt 

concentration (data not shown). 

Figure 24 analyzes the effect of salt concentration in more detail. Once 
again, the stimulation by Fis is seen at all salt concentrations, but because the 
control in the absence of Fis is so dramatically affected by salt concentration, 
25 the stimulation by Fis at higher salt is much stronger. At 25 mM NaCl, Fis 

stimulates nearly 2-fold, while at 75 and 100 mM NaCl, Fis stimulation is 
greater than 7-fold. In no case, however, is the amount of recombinant product 
at higher salt higher than the optimal Rs-stimulated recombination at 25 mM 
NaCl. 

30 

Effect of Fis on Integrative Recombination — Experiments indicated that Fis 
has no effect on single-site PxB recombination under standard conditions 
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where art? (pATTP2) is supercoiled, and attB (pATTB2) is linear, at either 
low or high salt. However, if the levels of Int are reduced to suboptimal 
concentrations (Figure 25), Fis is now capable of stimulating this reaction up 
to 10-fold. In addition, when both substrates are linearized, Fis has a dramatic 
effect on recombination levels. With linearized pATTP2 and linearized 
pATTB2, Fis stimulates recombination 2-3 fold at varying salt concentrations, 
much like the results seen for cointegrate resolution reactions. The most 
significant effect of Fis seems to be on the reaction between supercoiled 
pATTB2 and linear pATTP2. This reaction is extremely poor under normal 
conditions, with barely detectable amounts of product observed even at low 
salt conditions. However, in the presence of Fis recombination is strongly 
stimulated. 

Discussion 

Fis is known to play a role in lambda site-specific recombination. 
While in vitro roles have been observed only in situations where proteins are 
limiting, such conditions are highly artificial for a system whose main function 
is to carry out a single recombination event to introduce or excise one 
molecule of phage DNA, not to catalyze recombination of vast amounts of 
plasmid substrates. The in vivo data suggest an essential role for Fis in both 
integrative and excisive recombination of phage lambda. The dramatic 50-fold 
drop in phage lysis in the absence of Fis, and the 15-fold drop in 
lysogenization frequency clearly point to the likely in vivo requirement for Fis. 
While the role of Fis in lysis is, in some respects, similar to results found using 
in vitro experiments, explanations for the role of Fis in lysogeny have been 
considerably more elusive. While some of the 15-fold stimulation obtained by 
Ball and Johnson can be attributed to other roles of Fis in the cell, a nearly 3- 
fold effect is still observed from mutation of the F site, which must be directly 
related to ^combinational stimulation. 

The results of this study identified the likely source of the stimulation 
observed in vivo during integration. A 2-3 fold effect is clearly observed in 
vitro when attP substrates are not supercoiled. It has long been known that 
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supercoiling energy appears to be essential for proper establishment of the 
protein-DNA structure known as the intasome, which is required to form prior 
to the onset of recombination. This argument has been used to explain the 
much lower recombination efficiency observed with non-supercoiled attP 
substrates in vitro. However, it has been widely shown that DNA in the cell is 
not supercoiled to the high levels of superhelicity seen in isolated plasmid 
DNA. 

Johnson first proposed the notion that Fis may be used in the cell to 
enhance integration under conditions where such high superhelicity is not 
present (Ball, C.A. and Johnson, R.C. (1991b) 7. Bacteriol 173:4032-8). 
Given the fact that many nucleoid associated proteins appear to be involved in 
DNA compaction of the nucleoid, it is possible that the ability of Fis to bind 
and bend DNA may well mimic the compaction of DNA by supercoiling, and 
such an event may allow proper intasome formation even in the absence of 
high superhelicity. This may also be the explanation for the stimulation by Fis 
observed at suboptimal Int concentrations. In the cell, where Int levels are 
likely to be much lower than the artificially high concentrations used in 
laboratory in vitro recombination reactions, Fis may be necessary even for a 
"standard" recombination reaction to proceed. 

The ability of F site mutants to promote stronger Fis stimulation of 
integration is further evidence for the role proposed above. Tighter Fis 
binding would likely lead to more efficient compaction of the DNA, and an 
increase in integration stimulation. It remains to be seen whether these effects 
are manifested at the kinetic level — that is, does the addition of Fis directly 
speed up intasome formation? Initial studies point towards an increase in the 
initial rate of the linear a#P/supercoiled attB reaction in the presence of Fis, 
suggesting that indeed Fis may be kinetically acting at the level of intasome 
formation. 

It is not entirely clear why Fis seems to have a greater stimulation of 
linear P/supercoiled B reactions as compared ,to reactions in which both 
substrates are linear. It is believed that integrative intasome formation occurs 
solely on atfP, with capture of attB being a final step in the synapsis process. 
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In this case, it is unclear how the supercoiling state of attB could affect the 
outcome of intasome formation. Instead, it is possible that Fis interaction with 
attB somehow makes the attB sites more accessible to the intasome, or aids a 
downstream post-synapsis step such as isomerization after the first strand 
5 cleavage. 

Experimental Methods 

Oligonucleotides — oligonucleotides were obtained from life Technologies. 
DE09: 5 * -GGGGGCTGC AGGC AAGAAGAC AAAAATC ACCTTGCGC 
10 (SEQIDNO:55) 

DE10: S'-GGGGGCCCGGGCAGAGGCAGGGAGTGGGACAAAATTG 
(SEQIDNO:56) 

DE46 (Fis start) : 5 ' -GG AGGG AATTC AGG AGGT AT AA ATT A ATGTTCG 
AACAACGCGTAAATTCTG (SEQ ID NO:57) 
15 DE49 (Fis stop): 5 ' -GGAGGGG ATCCTTATTAGTTC ATGCCGTA (SEQ ID 

NO:58) 

DE162: S'-GGAAGGAGATCTTGCTCAAAATTTGAGCTACATAATACT 
GTAAAACAC (SEQ ID NO:59) 

Recombination Assay Plasmids — pATTP2 was constructed by cloning 

20 the lambda attP site into pUC19. pATTB2 was constructed by cloning the K 

coli attB site into pUC19. pDONR201 (Life Technologies) contains atfPl and 
atiP2. sites flanking a ccdB gene. pEZ11104 contains attlA and attL2 sites 
flanking a CAT gene. pBGFP2 is pUC19 into which a PCR fragment 
containing the a#Bl and attB2 sites flanking the GFP gene has been inserted. 

25 pRCATl is pUC19 into which a fragment of pEZC8402 containing the attRl 

and attRl sites and the CAT/ ccdB cassette has been inserted. 

Cloning ofE. coli fis — The /fa gene was PCR amplified from E. coli 
DH10B chromosomal DNA using Platinum Taq Hi Fidelity, and primers 
(DE46 and DE49) corresponding to the 5' and 3' ends of the gene. The 5* 

30 primer was constructed to provide a strong Shine-Delgarno initiation sequence 

prior to the start of the fis gene. The PCR product was digested and cloned 
into pRAD19, a high copy-number expression vector carrying the lambda P L 
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promoter under the control of the heat-inducible lambda CI gene. A 
positive clone (pLDE15) was sequence verified to ensure that no mutations 
were present, and was introduced into E. coli BL21 for expression. 

Induction of E. coli Fis protein — Cells containing pLDE15 were 
5 grown overnight at 30°C in 2 milliliters of LB with 100 fig/ml ampicillin, 

diluted into 2 milliliters of fresh media, and grown to an ODeoo of 0.7. The 
culture was split into 2 tubes, with one remaining at 30°, with the other 
induced at 42° for 2 hours. After 2 hours, the cultures were spun down, 
resuspended in loading buffer, and analyzed by SDS-PAGE. The induced cells 

10 already had a partially lysed appearance, suggesting that dramatic 

overexpression of Fis may be lethal to E. coli under these conditions. Induced 
samples showed a very clearly overexpressed protein band at a molecular 
weight of around 12 kDa. 

Purification of E. coli Fis protein — A 5 ml overnight culture of 

15 pLDE15 was diluted into 1 liter LB + Amp in a Fernbach flask, and was grown 

at 30°C to an OD 6 oo of 0.7, induced at 42°C for 2 hours, and spun down. 7.5 g 
of wet cells were obtained, and were frozen at -80°C. Cells were thawed and 
resuspended in 15 milliliters of buffer containing 50 mM Tris-HCl, pH 8.0, 5 
mM EDTA, 10% glycerol, 1 M NaCl, and 1 mM DTT. The cell solution was 

20 sonicated 4 times for 45 seconds with a ¥z inch tip, and debris was removed by 

centrifugation at 30,000xg for 40 minutes. Extracts were stored at -80°C. 15 
milliliters of extract was diluted with 35 milliliters buffer A (20 mM Tris-HCl, 
pH 8.0, 1 mM EDTA, 10% glycerol, 1 mM DTT) and applied to a Pharmacia 
Hitrap Heparin column (2x1 ml columns in series) at a flow rate of 0.25 

25 ml/min. The column was washed with 400 mM NaCl in buffer A for 10 CV, 

and eluted with a 15 CV gradient from 400 mM to 800 mM NaCl in buffer A. 
A broad peak of Fis was detected by SDS-PAGE and fractions containing Fis 
were pooled, and dialyzed against buffer A with 200 mM NaCl. This sample 
was applied to a 1 ml Pharmacia Hitrap MonoS column equilibrated in the 

30 same buffer. The column was washed with 15 CV of 200 mM NaCl in buffer 

A, and eluted with a 20 CV gradient of 200 mM to 1M NaCl in buffer A. Two 
peaks were observed from the column, with the second sharp peak 
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representing most of the Fis protein. The cleanest fractions were pooled to 
give a sample containing >90% Fis by Coommassie staining. Purified Fis was 
obtained at 1 mg/ml concentration after dialysis into Fis storage buffer 
containing 20 mM Tris-HCl, pH 8.0, 1 mM EDTA, 50% glycerol, 1 mM DTT, 
0.5 M NaCl. Fis was stored at -80°C or -20°C. 

Fis activity assay — A gel retardation assay was developed to test for 
Fis activity. A PCR product consisting of the lambda aitP sequence was 
amplified using primers DE9 and DE10. The 400 base pair product was cut 
with Aval and labeled at the ends with 32P-dCTP using the Klenow fragment 
of E. coli DNA polymerase I. Reactions were carried out with final conditions 
of 20 mM Tris-HCl, pH 8.0, 5% glycerol, 25 mM NaCl, 200 [xg/ml salmon 
testis DNA, 1.17 ng (10,000 cpm/fmol) PCR product in a 20 Ml reaction. 
Protein was added, and binding was carried out for 10 minutes at room 
temperature, and samples were loaded on a Novex 6% gel retardation gel 
running in 0.5x TBE buffer for 60 minutes at 100 V. Gels were dried and 
visualized on the Phosphorimager after 2-3 hour exposure. Multiple shifts 
were observed in assays without competitor DNA. In the presence of 
competitor, however, a single discrete shift was observed, and allowed the 
calculation of an apparent Kd value. These PCR products were somewhat 
impure, containing breakdown products, and the values obtained were 
therefore slightly error prone; however, the apparent Kd appeared to be 
between 10-30 nM, which agrees well with published values using the lamdba 
F site. This suggests that this kind of gel retardation assay would serve as an 
effective check of the activity of purified Fis protein. 

Radioactive assay substrates — Linear substrates for recombination 
assays were labeled by Klenow fill-in reactions. Linearized substrates (1 \ig) 
were incubated with 0.5 units of Klenow polymerase, 1 mM dATP, 1 mM 
dGTP, 1 mM dTTP, and 30 \id of 32 P-dCTP for 14 minutes, 1 mM dCTP was 
added, incubated for 1 minute, and the labeled DNA was purified using 
Concert PCR purification columns, and eluted in 50 \iL TE. 

Recombination assays — Single-site recombination reactions (20 jxl) 
consisted of 25 mM Tris-HCl, pH 8.0, 1 mM EDTA, 6 mM spermidine, 15% 
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glycerol, and 75 mM NaCl (unless indicated otherwise), 100 fmoles of each 
substrate, and approximately 30,000 cpm of 32 P-labelled linear substrate. 
Standard integration reactions contained 80 ng IHF and 150 ng Int. Excision 
reactions contained 35 ng IHF, 50 ng Xis, and 150 ng Int. Reactions were 
5 incubated for 45 minutes at 25°C, and stopped by the addition of 50 jig/ml 

Proteinase K, heated for 15 minutes at 65°C, and electrophoresed on a 0.7% 
agarose gel. Gels were dried down and visualized on a Molecular Dynamics 
phosphorimager. Recombination levels were determined by quantitation of 
substrate and product bands using ImageQuant. Gateway™ (2-site) reactions 
10 were performed similarly, except that standard BP reactions contained 4 mM 

spermidine and 25 mM NaCl, and standard LR reactions contained 7.5 mM 
spermidine and 75 mM NaCl. 

Example 10: Use ofFis in BP Clonase™ Reactions 

15 

BP recombination reactions were performed for 60-120 minutes at 
room temp in 20 /xl reaction mixtures containing 50 fmol supercoiled 
pDONR201, 75 mM NaCl, 7.5 mM spermidine, 2 fil BP storage buffer (5 mM 
EDTA, 1 mg/ml BS A, 22 mM NaCl, 5 mM spermidine, 25 mM Tris-HCl, pH 
20 7,5) and 2 jil BP CLONASE™ (40 ng/fil Int, 20 ng//il IHF, pH 7.5). The 

optimal Fis concentration for enhancing the efficiency of BP Clonase™ 
catalyzed recombination reaction was found to be about 150 nM. 

Further, the above reaction conditions generate a colony output that is 
similar to the standard reaction (Le. 9 300 ng pDONR DNA, 100 ng attB DNA, 
25 4 jLtl BP Clonase™, 4 /il BP buffer for a 20 (i\ reaction), but requires half the 

amount of enzyme and vector DNA. 

In a standard BP recombination reaction, addition of Fis results in a 
3-fold increase in colony output as compared to from a standard BP reaction. 

Fis is known to exert its effect by stimulating the rate of the second 
30 recombination reaction (cointegrate resolution) which is a linear by linear 

recombination reaction. 
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While not wishing to be bound by theory, the overall efficiency of BP 
recombination reactions involving linear and supercoiled nucleic acid 
molecules is as follows: 

Supercoiled P x Linear B> Linear P x Supercoiled B> Linear P x Dnear B> 
Supercoiled P x Supercoiled B 

Example 11: Optimization of Library Transfer Conditions 
A. Construction ofattB cDNA libraries 

One problem associated with Gateway library construction and transfer 
is that attB cDNA is generally limiting in BP reactions and standard BP 
reaction conditions need to be optimized to maximize colony output. 

One solution to this problem is to use less supercoiled attP Donor 
Vector, less BP Clonase™ and include Fis protein in the reactions with 
limiting amounts of attB cDNA. For example, to clone 20 ng of attB cDNA, 
optimal BP reactions contained 75 ng of attP Donor Vector, 0.75 \xl of BP 
Clonase™ and 84 nM Fis protein in a 20 \*1 reaction volume. The use of 
attB 1.6 and atfB2.10 sites improved colony output and resulted in an increase 
in the average size of the inserts. 

B* Transfer of Expression Clone libraries 

The transfer of Gateway libraries is that BP reactions are most efficient 
using linear attB and supercoiled attP molecules and the use of restriction 
enzymes to linearize the library DNA results in some inserts being cut. 
However, BP reaction efficiency can be increased when linear P molecules are 
used by using limiting amounts of supercoiled Expression Clone DNA (50 
ng/20 pi reaction), an excess of linear otfP DNA (450 ng to 600 ng/20 |Jtl 
reaction), and allowing the reaction to proceed overnight. Use of more BP 
Clonase™ (up to 8 jil/20 \i\ reaction) and Fis protein helps to react more of 
the starting library away so as to reduce co-transformation and contamination 
of transferred libraries with starting clones. 
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C. Colony output after electroporation of BP reactions 

Kan colony output after electroporation of pENTR201 Clones (Entry 

Clones prepared using pDONR201; see Figures 26A-26C) is 10% of the 

expected number. These data are based on a comparison of amp and kan 

colony output of electroporation with a pENTR201-amp Entry Clone DNA. 

This phenomenon is specific for electroporation since the amp and kan colony 

output is identical after chemical transformation. 

Two methods can be used to increase colony output. The first is to 

increase the S.O.C. medium recovery volume. When this was done, the 

following data was obtained: 

Colony output vs Recovery volume with electroporation of pENTR201-amp 
lml S.O.C. = 10% kan to amp 
2ml S.O.C. = 30% kan to amp 
4ml S.O.C. = 60% kan to amp 



The second method is to replace pDONR201 with pDONR212 
(Figures 27A-27C). pENTR212-amp clones produced 80% kan to amp 
colonies using 1 ml S.O.C. medium, recovery and 100% kan to amp colonies 
using 2 ml S.O.C. medium recovery. 

D. Heterogeneous colony size of pENTR212 clones 
pENTR201 library clones have been found to produce homogeneous 

sized colonies whereas pENTR212 library clones produce heterogeneous sized 
colonies. Replacement of the origin of pDONR212 with a full pUC origin 
(Figures 28A-28C) solved this problem. The pENTR212 library clones 
demonstrate a cold-sensitive phenotype. In particular, clones of such libraries 
do not form colonies at 30°C but do form colonies at 37°C. Replacement of 
the origin of replication did not change the phenotype when the new origin 
was placed in the same orientation as the original one. However, temperature 
sensitivity was largely alleviated when the origin was inserted in the opposite 
orientation (see Figures 29A-29C for a description of this construct). 

E. Amplification of primary Entry Clone libraries 

It has also been found that pENTR212 Entry Clone libraries can not be 
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amplified without significantly decreasing the average size of the inserts. This 
effect was largely alleviated by replacing the origin with a full pUC origin. 
300 ixg/ml kanamycin was then required for selection of cells which contain 
the resulting vector in semi-solid medium. 
5 F. One-Tube Reactions 

An alternative to amplification of the Entry Clone intermediate, the 
product of BP reactions can be transferred directly into Destination Vectors in 
a "one-tube" reaction. The efficiency, however, of one-tube reactions can be 
low and may produce variable results. 
10 Exonuclease treatment of the BP reaction mixture, ethanol precipitate 

and set up LR reactions using LR4 buffer conditions , 51 mM Tris-HCl 
(pH7.5), 1 mM EDTA, 1 mg/ml Bovine serum albumin, 76 mM NaCl, 7.5 mM 
spermidine) was shown to both increase transfer efficiency and reproducibility 
of the results. In some cases, the exonuclease treatment step may be omitted. 

15 

Having now fully described the present invention in some detail by 
way of illustration and example for purposes of clarity of understanding, it will 
be obvious to one of ordinary skill in the art that the same can be performed by 
modifying or changing the invention within a wide and equivalent range of 
20 conditions, formulations and other parameters without affecting the scope of 

the invention or any specific embodiment thereof, and that such modifications 
or changes are intended to be encompassed within the scope of the appended 
claims. 

All publications, patents and patent applications mentioned in this 
25 specification are indicative of the level of skill of those skilled in the art to 

which this invention pertains, and are herein incorporated by reference to the 
same extent as if each individual publication, patent or patent application was 
specifically and individually indicated to be incorporated by reference. 

In addition, the following documents are incorporated herein by 
30 reference in their entireties: U.S. Appl. No. 08/486,139, filed June 7, 1995 

(now abandoned); U.S. Appl. No. 08/663,002, filed June 7, 1996 (now U.S. 
Patent No. 5,888,732); U.S. Appl. No. 09/005,476, filed January 12, 1998 
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(now U.S. Patent No. 6,171,861); U.S. Appl. No. 60/065,930, filed October 
24, 1997; U.S. Appl. No. 09/177,387, filed October 23, 1998; U.S. Appl. No. 
09/296,280, filed April 22, 1999 (now U.S. Patent No. 6,277,608); U.S. Appl. 
No. 60/122,389, filed March 2, 1999; U.S. Appl. No. 60/122,392, filed 
5 March 22, 1999; U.S. Appl. No. 60/126,049, filed March 23, 1999; U.S. Appl. 

No. 09/233,493 (now U.S. Patent No. 6,143,557); U.S. Appl. No. 09/438,358, 
filed November 12, 1999; U.S. Appl. No. 60/284,528, filed April 19, 2001; 
U.S. Appl. No. 60/136,744, filed May 28, 1999; U.S. Appl. No. 09/432,085, 
filed November 2, 1999; U.S. Appl. No. 09/498,074, filed February 4, 2000; 
10 U.S. Appl. No. 60/108,324, filed November 13, 1998; U.S. Appl. No. 

09/438,358, filed November 12, 1999; U.S. Appl. No. 09/517,466, filed 
March 2, 2000; U.S. Appl. No. 09/732,914, filed December 11, 2000; and 
PCT Publication No. WO 00/52027. 
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WHAT IS CLAIMED IS: 

1 . A method for inserting a population of nucleic acid molecules 
into a second target molecule, the method comprising: 

(a) mixing at least a first population of nucleic acid 
molecules comprising one or more recombination sites with at least one first 
target nucleic acid molecule comprising one or more recombination sites; 

(b) causing some or all of the nucleic acid molecules of the 
at least first population to recombine with some or all of the first target nucleic 
acid molecules, thereby forming a second population of nucleic acid 
molecules; 

(c) mixing at least the second population of nucleic acid 
molecules with at least one second target nucleic acid molecule comprising 
one or more recombination sites; and 

(d) causing some or all of the nucleic acid molecules of the 
at least second population to recombine with some or all of the second target 
nucleic acid molecules, thereby forming a third population of nucleic acid 
molecules. 

2. The method of claim 1, wherein the first population of nucleic 
acid molecules comprises a cDNA library. 

3. The method of claim 1, wherein the first population of nucleic 
acid molecules comprises a genomic library, 

4. The method of claim 1, wherein the first target nucleic acid 
molecule is a linear nucleic acid molecule. 

5. The method of claim 1, wherein the individual members of the 
first population of nucleic acid molecules are linear nucleic acid molecules. 

6. The method of claim 4, wherein the first target nucleic acid 
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molecule is flanked by two recombination sites. 

7. The method of claim 4, wherein the first target nucleic acid 
molecule is flanked by one recombination site and one restriction 

5 endonuclease site. 

8. The method of claim 5, wherein the individual members of the 
population of nucleic acid molecules are flanked by two recombination sites. 

10 9. The method of claim 5, wherein the individual members of the 

first population of nucleic acid molecules are flanked by one recombination 
site and one restriction endonuclease site. 

10. The method of claim 1, wherein the recombination sites 
comprise one or more recombination sites selected from the group consisting 
of: 

(a) fox sites; 

(b) psi sites; 

(c) difsites; 

(d) cer sites; 

(e) frt sites; 

(f) att sites; and 

(g) mutants, variants, and derivatives of the recombination 
sites of (a), (b), (c), (d), (e), or (f) which retain the ability to undergo 
recombination. 

11. The method of claim 10, wherein the recombination sites which 
recombine with each other comprise att sites having identical seven base pair 
overlap regions. 

30 

12. The method of claim 11, wherein the first three nucleotides of 
the seven base pair overlap regions of the recombination sites which 
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recombine with each other comprise nucleotide sequences selected from the 
group consisting of: 





W 


AAA' 






AAC- 


D 


w 


A ACr* 
AAVJ, 




W 


A AT' 




w 


ApA. 
Al^A, 




w 


App, 
Al^L*, 




\S) 


AV^kJ, 




(\\\ 

w 


AU1 , 




w 


AHA' 


< 


OJ 


A/TP. 




/I \ 

00 


AGG; 




(0 


AGT; 


15 


(m) 


ATA; 




.GO 


ATC; 




(o) 


ATG; 




(P) 


ATT. 



20 13. The method of claim 11, wherein the first three nucleotides of 

the seven base pair overlap regions of the recombination sites which 
recombine with each other comprise nucleotide sequences selected from the 
group consisting of: 





(a) 


CAA; 


25 


(b) 


CAC; 




(c) 


CAG; 




(d) 


CAT; 




(e) 


CCA; 




(f) 


CCC; 


30 


(g) 


CCG; 




(h) 


CCT; 




(i) 


CGA; 
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CGC 




CGG 


(U 

w 


CGT 


(m) 


tin 


(n) 


CTC; 


(o) 


CTG 


(P) 


CTT. 



14. The method of claim 11, wherein the first three nucleotides of 
10 the seven base pair overlap regions of the recombination sites which 

recombine with each other comprise nucleotide sequences selected from the 
group consisting of: 



(a) 


GAA; 


(b) 


GAC; 


(c) 


GAG; 


(d) 


GAT; 


(e) 


GCA; 


(f) 


GCC; 


(g) 


GCG; 


(h) 


GCT; 


(i) 


GGA; 


0) 


GGC; 


(k) 


GGG; 


0) 


GGT; 


(m) 


GTA; 


(n) 


GTC; 


(o) 


GTG; 


(P) 


GTT. 



30 15. The method of claim 11, wherein the first three nucleotides of 

the seven base pair overlap regions of the recombination sites which 
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recombine with each other comprise nucleotide sequences selected from the 
group consisting of: 





(a) 


TA A. 




(o) 




5 


(c) 


TAG; 




(d) 


TAT; 




(e) 


TCA; 




(f) 


TCC; 




(g) 


TCG; 


10 


(h) 


TCT; 




(0 


TGA; 




0) 


TGC; 




(k) 


TGG; 




0) 


TGT; 


15 


(m) 


TTA; 




(n) 


TTC; 




(o) 


TTG; 




(P) 


TTT. 



20 16. The method of claim 1, wherein the recombination in step (b) is 

caused by mixing the first population of nucleic acid molecules and the first 
target nucleic acid molecule with one or more recombination proteins under 
conditions which favor the recombination. 

25 17. The method of claim 16, wherein the one or more 
recombination proteins comprise one or more proteins selected from the group 
consisting of: 

(a) Cie; 

(b) Int; 

30 (c) EBP; 

(d) Xis; 

(e) Hin; 
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w 


frllV • 
VJJul, 


\S) 


Pin- 
win, 


(h) 


Tn3 resolvase; 


(i) 


TndX; 


(j) 


XerC; and 


00 


XerD. 



18. The method of claim 16, wherein the one or more 
recombination proteins are in admixture with at least one second protein which 

10 (1) has a molecular weight below about 14,000 daltons, (2) contains at least 

15% basic amino acid residues, and (3) enhances recombination. 

19. The method of claim 18, wherein the one or more second 
proteins comprises Fis, a ribosomomal protein, or a fragment of either Fis or a 

15 ribosomomal protein. 

20. The method of claim 19, wherein the ribosomal protein is a 
prokaryotic ribosomal protein. 

20 21. The method of claim 20, wherein the ribosomal protein is an 

Escherichia coli ribosomal protein. 

22. The method of claim 21, wherein the K coli ribosomal protein 
is selected from the group of E. coli ribosomal proteins consisting of S10, S14, 

25 S15, S16, S17, S18, S19, S20, S21, L14, L21, L23, L24, L25, L27, L28, L29, 

L30, L31, L32, L33 and L34. 

23. The method of claim 1, wherein the recombination in step (d) is 
caused by mixing the second population of nucleic acid molecules and the 

30 second target nucleic acid molecule with one or more recombination proteins 

under conditions which favor the recombination. 
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24. The method of claim 23, wherein the one or more 
recombination proteins comprise one or more proteins selected from the group 
consisting of: 



fa) 


Cie; 


W 


Tnt* 


(c) 
\W 




(eft 




(e) 


TT' 

Hin; 


(f) 


Gin; 


(g) 


Cin; 


(h) 


Tn3 resolvase; 


(i) 


TndX; 


0) 


XerC;and 


(k) 


XetD. 



25. The method of claim 16, wherein the one or more 
recombination proteins are in admixture with at least one second protein which 
(1) has a molecular weight below about 14,000 daltons, (2) contains at least 
15% basic amino acid residues, and (3) enhances recombination. 

26. The method of claim 18, wherein the one or more second 
proteins comprises Fis, a ribosomomal protein, or a fragment of either Fis or a 
ribosomomal protein. 

27. The method of claim 26, wherein the ribosomal protein is a 
prokaryotic ribosomal protein. 

28. The method of claim 27, wherein the ribosomal protein is an 
Escherichia coli ribosomal protein. 

29. The method of claim 28, wherein the E. coli ribosomal protein 
is selected from the group of E. coli ribosomal proteins consisting of S10, S14, 
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S15, S16, S17, S18, S19, S20, S21, L14, L21, L23, L24, L25, L27, L28, L29, 
L30,L31,L32,L33andL34. 

30. The method of claim 1, wherein the first target nucleic acid 
molecule is a vector. 

3 1 . The method of claim 30, wherein the vector is selected from the 
group consisting of: 

(a) pDONR201; 

(b) pDONR207; 

(c) pDONR212; 

(d) pDONR212(F); and 
'(e) pDONR212(R). 

32. A composition comprising the third population of nucleic acid 
molecules prepared by the method of claim 1. 

33. The third population of nucleic acid molecules prepared by the 
method of claim 1. 

34. An individual member of the third population of nucleic acid 
molecules of claim 33 . 

35. A population of host cells which comprise the third population 
of nucleic acid molecules of claim 1. 

36. An individual host cell of the population of host cells of claim 

35. 

37. The host cell of claim 36, wherein said host cell is a bacterial 

cell. 
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38. The host cell of claim 37, wherein said bacterial cell is £, colL 

39. The host cell of claim 36, wherein said host cell is a eukaryotic 



cell. 



40. The host cell of claim 39, wherein said eukaryotic cell is a yeast 

cell. 

41. The host cell of claim 39, wherein said eukaryotic cell is a plant 

10 cell. 

42. The host cell of claim 39, wherein said eukaryotic cell is an 
animal cell. 

15 43. The host cell of claim 42, wherein said animal cell is a 

mammalian cell. 

44. A method for identifying one or more nucleic acid molecules 
having at least one specific property, feature, or activity, the method 
20 comprising: 

(a) mixing at least a first population of nucleic acid 
molecules comprising one or more recombination sites with at least one first 
target nucleic acid molecule comprising one or more recombination sites; 

(b) causing some or all of the nucleic acid molecules of the 
25 at least first population to recombine with some or all of the first target nucleic 

acid molecules, thereby forming a second population of nucleic acid 
molecules; 

(c) separating, identifying or selecting one or more nucleic 
acid molecules of the second population which have at least one specific 

30 property, feature, or activity different from other members of the population, 

thereby generating a third population of nucleic acid molecules which share 
the at least one specific property, feature, or activity; 
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(d) mixing at least the third population of nucleic acid 
molecules with at least one second target nucleic acid molecule comprising 
one or more recombination sites; 

(e) causing some or all of the nucleic acid molecules of the 
at least third population to recombine with some or all of the second target 
nucleic acid molecules, thereby forming a fourth population of nucleic acid 
molecules; and 

(f) separating, identifying or selecting one or more nucleic 
acid molecules of the fourth population which have at least one specific 
property, feature, or activity different from other members of the population, 
thereby generating a fifth population of nucleic acid molecules which share the 
at least one specific property, feature, or activity. 

45. The method of claim 44, wherein the at least one specific 
property, feature, or activity identified in step (c) and at least one specific 
property, feature, or activity identified in step (f) are the same property, 
feature, or activity. 

46. The method of claim 44, wherein the at least one specific 
property, feature, or activity identified in step (c) and at least one specific 
property, feature, or activity identified in step (f) are different properties, 
features, or activities. 

47. The method of claim 44, wherein the recombination sites 
comprise one or more recombination sites selected from the group consisting 
of: 

(a) lox sites; 

(b) psi sites; 

(c) dif sites; 

(d) cer sites; 

(e) frt sites; 

(f) att sites; and 
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(g) mutants, variants, and derivatives of the recombination 
sites of (a), (b), (c), (d), (e), or (f) which retain the ability to undergo 
recombination. 

48. The method of claim 47, wherein the recombination sites which 
recombine with each other comprise att sites having identical seven base pair 
overlap regions. 

49. The method of claim 44, wherein the at least one specific 
property, feature, or activity identified in step (c) or step (f) is not a property, 
feature, or activity of an expression product of individual members of either 
the third or fourth populations of nucleic acid molecules. 

50. The method of claim 49, wherein the at least one specific 
property, feature, or activity is a property, feature, or activity selected from the 
group consisting of: 

(a) the ability to hybridize to another nucleic acid molecule 
under stringent conditions; 

(b) the ability to activate transcription; 

(c) the ability to bind proteins; 

(d) the ability to initiate replication of nucleic acid 

molecules; 

(e) the ability to segregate nucleic acid molecules during 

cell division; 

(f) the ability to direct the packaging of nucleic acid 
molecules into viral particles; and 

(g) the ability to be cleaved by one or more restriction 

endonucleases, 

51. The method of claim 44, wherein the at least one specific 
property, feature, or activity identified in step (c) or step (f) is a property, 
feature, or activity of an encoded expression product. 
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52. The method of claim 51, wherein the at least one specific 
property, feature, or activity is a property, feature, or activity selected from the 
group consisting of: 

5 (a) ribozyme activity, 

(b) tRNA activity; 

(c) antisense activity; 

(d) being encoded by nucleic acid which is in-frame with 
nucleic acid that encodes another polypeptide; 

10 (e) the ability to induce an immunological response; 

(f) having binding affinity for a particular ligand; 

(g) the ability to target a protein to a particular location in a 

cell; 

(h) the ability to undergo proteolytic cleavage; and 

1 5 (i) the ability to undergo post-translational modification. 

53. A method for identifying one or more nucleic acid molecules 
having at least one specific property, feature, or activity, the method 
comprising: 

20 (a) providing a first population of nucleic acid molecules 

comprising one or more recombination sites; 

(b) separating, identifying or selecting two or more nucleic 

acid molecules of the first population which have at least one specific 

property, feature, or activity different from other nucleic acid molecules in the 
25 population, thereby generating a second population of nucleic acid molecules 

which share the at least one specific property, feature, or activity; 

(d) mixing at least the second population of nucleic acid 

molecules with at least one target nucleic acid molecule comprising one or 

more recombination sites; 
30 (e) causing some or all of the nucleic acid molecules of the 

at least second population to recombine with some or all of the target nucleic 

acid molecules, thereby forming a third population of nucleic acid molecules; 



210 



WO 02/095055 



PCT7US02/15947 



and 

(f) separating, identifying or selecting one or more nucleic 
acid molecules of the third population which have at least one specific 
property, feature, or activity different from other nucleic acid molecules in the 
5 population. 

54. The method of claim 53, wherein the at least one specific 
property, feature, or activity identified in step (c) and at least one specific 
property, feature, or activity identified in step (f) are the same property, 

10 feature, or activity. 

55. The method of claim 53, wherein the at least one specific 
property, feature, or activity identified in step (c) and at least one specific 
property, feature, or activity identified in step (f) are different properties, 

15 features, or activities. 

56. The method of claim 53, wherein the recombination sites 
comprise one or more recombination sites selected from the group consisting 
of: 



20 


(a) 


lox sites; 




(b) 


psi sites; 




(c) 


dif sites; 




(d) 


cer sites; 




(e) 


frt sites; 


25 


(f) 


att sites; and 




(g) 


mutants, variants, and derivatives of the recombination 



sites of (a), (b), (c), (d), (e), or (f) which retain the ability to undergo 
recombination. 

30 57, The method of claim 56, wherein the recombination sites which 

recombine with each other comprise att sites having identical seven base pair 
overlap regions. 
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58. The method of claim 53, wherein the at least one specific 
property, feature, or activity identified in step (c) or step (f) is not a property, 
feature, or activity of an expression product of individual members of either 

5 the third or fourth populations of nucleic acid molecules. 

59. The method of claim 58, wherein the at least one specific 
property, feature, or activity is a property, feature, or activity selected from the 
group consisting of: 

10 (a) the ability to hybridize to another nucleic acid molecule 

under stringent conditions; 

(b) the ability to activate transcription; 

(c) the ability to bind proteins; 

(d) the ability to initiate replication of nucleic acid 

15 molecules; 

(e) the ability to segregate nucleic acid molecules during 

cell division; 

(f) the ability to direct the packaging of nucleic acid 
molecules into viral particles; 

20 (g) the ability to be cleaved by -one or more restriction 

endonucleases; 

(h) the ability to be joined to another nucleic acid molecule 
by topoisomerase; 

(i) the ability to be ligated to another nucleic acid 

25 molecule; 

(j) the ability to be digested by particular restriction 

endonucleases; 

(k) the ability to anneal to another nucleic acid molecule; 

and 

30 (1) the ability to recombine with another nucleic acid 

molecule by site specific recombination. 
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60. The method of claim 53, wherein the at least one specific 
property, feature, or activity identified in step (c) or step (f) is a property, 
feature, or activity of an encoded expression product 

5 61. The method of claim 60, wherein the at least one specific 

property, feature, or activity is a property, feature, or activity selected from the 
group consisting of: 

(a) ribozyme activity; 

(b) tRNA activity; 
10 (c) antisense activity; 

(d) being encoded by nucleic acid which is in-frame with 
nucleic acid that encodes another polypeptide; 

(e) the ability to induce an immunological response; 

(f) binding affinity for a particular ligand; 

15 (g) the ability to target a protein to a particular location in a 

cell; 

(h) the ability to undergo proteolytic cleavage; and 

(i) the ability to undergo post-translational modification. 

20 62. A composition comprising two or more genetic elements which 

confer a temperature sensitive phenotype upon a host cell. 



63. The composition of claim 62, wherein at least one of the 
genetic elements is an origin of replication. 

25 

64. The composition of claim 63, wherein the origin of replication 
is an E. coli origin of replication. 

65. The composition of claim 62, wherein at least one of the 
30 genetic elements is an antibiotic resistance marker. 

66. The composition of claim 65, wherein the antibiotic resistance 
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marker is selected from the group consisting of: 

(a) a kanamycin resistance marker; 

(b) an ampicillin resistance marker; and 

(c) a gentamycin resistance marker. 

5 

67. The composition of claim 62, wherein the two or more genetic 
elements are located on the same nucleic acid molecule. 

68. The composition of claim 67, wherein two of the genetic 
10 elements are located on the same nucleic acid molecule. 



69. The composition of claim 68, wherein the two genetic elements 
are separated by less than 200 nucleotides of intervening nucleic acid. 



15 



20 



25 



30 



70, A kit for inserting a population of nucleic acid molecules into a 
second target molecule according to the method of claim 1, the kit comprising 
one or more components selected from the group consisting of: 

(a) one or more first population of nucleic acid molecules; 

(b) one or more first target nucleic acid molecule; 

(c) one or more second target nucleic acid molecule; 

(d) one or more recombination proteins or compositions 
comprising one or more recombination proteins; 

(e) one or more enzymes having ligase activity; 

(f) one or more enzymes having polymerase activity; 

(g) one or more enzymes having reverse transcriptase 



activity; 



activity; 



(h) one or more enzymes having restriction endonuclease 

(i) one or more primers; 
(j) one or more buffers; 

(k) one or more transfection reagents; 

(1) one or more host cells; 
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(m) 

(n) 

(o) 



one or more enzymes having UDG glycosylase activity; 
one or more enzymes having topoisomerase activity; 
one or more proteins which facilitate homologous 



recombination; and 

(p) instructions for using the kit components. 

71. The kit of claim 70, wherein the one or more recombination 
proteins or composition comprising one or more recombination proteins is 
capable of catalyzing recombination between att sites. 

72. The kit of claim 7 1 , wherein the composition comprising one or 
more recombination proteins capable of catalyzing a BP reaction, an LR 
reaction, or both BP and LR reactions. 

73. The kit of claim 70, wherein the first population of nucleic acid 
molecules comprises a library which encodes either variable heavy or variable 
light domains of antibody molecules. 
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ccdB/cat locus will not efficiently transform 
and are therefore not represented in the 
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Desired construct is fully partitioned from 
starting plasmid via oriT-dependent CDT. 
Silent carry-over is eliminated. 
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FIGURE \3fr 



attBO AGCCTGCTT TTTTATACT AACTTGAQC 4 SEQ ID NO:l) 
■ TCOGACGAAAAAATATOATTGAACTCG • 

afctPO GTT CAGCTTTTTTATACT AAGTTGOCA • (SEQ ID NOs2) 
CAAGTCCAAAAAATATGATTCAACCGX ' 

. .( . 

atfcLO AGCCTGCTT TTTTATACT AAOTTgOCA (SEQ ID NOi3) 
TCGGACGAAAAAATATGATTCAACCGT 

attRO GTTCAGCTT TTTTATACT Aa6tTQAGC (SBQ ID NO:4) 
CAAGTCGAAAAAATATGATTGAACTCG . 



attBl AGCCTQCTTTTTTGTACAAACTTGT. (SEQ ID NO:5) 
TCGGACGAAAAAATATGTTTGAACA' 

attPl GTTCAGCTTTTTTGTACAAAQTTGGCA . .(SBQ ID NO: 6) 
C^GTCGAAAAAACATCPTTTCAACCQT ; 

attLl AGCCTGCTT TTTTQTACA AAQTTQq6a' (SEQ ID NO: 7) 

tcggacgaaaaaaca^otttCaaccgt 

attRl GTTCAGCTTT TTTQTACA juvCTTQT,. tSfeQ ID NO: 8) 
CAAGTCGAAAAAACATGTTTGAACA , 



attB2 ACCCAGCTTT CTTGTACA AAGTQQT (SEQ ID NO: 9) 
TGGGT CG AAAGAATATGTTT CAQCA. . 

attP2 QTTCAGCTT TCTTGTACA AAG^'dCA (SEQ ID NOilO) 
CAAGTCGAAAOAACATOTTTCAAeCGT 

attL2 ACCCAGCTTTCTTGTACAABlGTTGGCA ' (SEQ ID NO: XI) 
TGGGTCGAAAGAACATGTTTCAACCGT 

attR2 GTTCAG CTTTCTTGTACAAAGTGQT ;(SEQ ID NO: 12) 
CAAGTCGAAAGAACATGTTTGACCA ' 

' rt ' ' [ ' 

attBS CAACTT TATTATACA AAGTTQT (SEQ ID NOil3) 

GTTGAAATAATATGT^TCAACA 4 , ' 

attP5 GTTCAACTT TATTATACA AAQTTObCA (SEQ ID NO: 14) 
CAAGTTGAAATAATATGTTTCAACCGT 
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FIGURE 3 

attliS CAACTTTATTATACAAA0TT60CA (SBQ ID NO; 15) 

GTTGAAATJUlTATOTTTCAAdQaf ' ' 

attRS QTTCAACTTT ATTATACA AAG'fTGT (SBQ ID NO: 16) 
CAAGTTGAAATAATAT3TTTCAACA . 



attBll CAACTT TTCTATAC AAAGTTOT (3EQ ID NO:17) 

GTTGAAAAOATATOTTTCAACA 

attPll GTTCAACTT TTCTATAGA AAGTrGGCA ' {SEQ ID NOilS) 
CAAGTTGAAAAGATATOTTTCAACCGT * 

attLll CAACTTTT CTATACAAfiQTTGGCA (SEQ ID NO: 19) 

GTTGAAAAGATATGTTTCA.ACCGT *' 

attRll GTTCAACTTT TCTATACA 3»aiPTOCWP ' (SBQ ID NO: 20) 
CAAGTTGAAAAGATATGTTTCAACA 

*. vV.. -< *■* •' 

attB17 CAACTT TTQTATACA AAQTTGT (SEQ ID NO: 21) 

GTTGAAAACATAT0T?TGAj&C& . ' . 

attP17 GTTCAACTT TTQTATACA AA&WGGCA (SEQ ID NO: 22) 
CAAGTTGAAAACATATGTTTCAACCGT 

attL17 CAACTTT TGTATACA AAGTT.GGCA (SEQ ID NO: 23) 

GTTGAAAACATATGTWCAACCGT * 

attr17 gtt caacttttgtatacaaa0ttgt , ■ (seq id no: 24) 
caagttgaaaagatatcttttcaivca' ' 



attBIS CAACTTT TTCGTACA RAGTTjGT. (SEQ ID NO: 25) 

GTTGAAAAAGCATGTCTC^CA- f ; 

attPIS GTTCAACTT TTTOQTACA AAQTTGQCA (SEQ ID NO: 26) 
CAAGTTGAAAAAGCATGTTTCAACCGT 

attlil9 CAACTTT TTCGTACA AAGTTQQCA (SEQ ID NOt27) 

GTTGAAAAAGCATOTTTCflACCGT . 

attR19 GTTCAACTTT TTCGTACA AA9TtGT . (SEQ ID NO: 28) 
CAAGTTGAAAAAGCATGTTITCAACA, 
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FIGURE f3t 



attB20 CAACTTT TTQQTACA AAGTTGT (SEQ ID NO: 29) 

GTTGAAAAACCATOTTTCAACA 

attP20 GTTCAACTTT TTqgTACA AAGTTGGCA (SEQ ID NO: 30) 
CAAGTTGAAAAACCATGTTTCAACCGT 

attL20 CAACTTTTYGGTACAAAGTTGGCA (SEQ ID NO;31) 

GTTGAAAAACCATGTTTCAACCGT 

attR20 GTT CAACTTTTTOGTACAAAGTTQT. (SEQ ID NOi32) 
CAAGTTGAAAAACCATOTTTCAACA 



a t C32 1 CAACTTTTTAATACAAAGTTGT ' (SEQ ID NO : 3 3 ) 

GTTGAAAAATTATGTTTCAACA '• 

attP21 GTTCAACTT TTTAATACA AAGTTGGCA (SEQ ID NO:34) 
CAAGTTGAAAAATTATGTTTCAAtCGT 

attL21 CAACTT TTrAATACA AAQTTOGCA (SEQ ID WO: 3 5) 

GTTGAAAAATTATGTTTCAACCGT 

attR21 GTTCAACTTT TTAATACA AAgTTG't' ' (SEQ ID NO? 3 6) 
CAAGTTGAAAAATTATOTTTOVACA 
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Fit,. H 

Cloning sites of the t Vector pCM*ifr . (reading 

frame A) 



Or* I X*n X 

ACT TT8 TAC AAA* AAA GCA GGC TTTIAAA OGA ACCIAAT TCA 
T6A AAC ATQ TTT TTT COT CCGAAAlTTT CCT TGGlTTA AST 



thr leu tyr ly« lys »U gly phe ly« gly thr isn ser val asp trp tic arg tyr art lie 




fcoR r Not I 



-G IAAT TC 6 qS6 CCG ^€ ^0 A 6A HAT CTA GAC CCA GCT TTC TTG TAC AAA 
C TTAAbC GCTla: GTG AOClCT ATTA GAT CTft GGT: CGA AA9 AAC ATG TTT 
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pENTRIA 2717 bp 

attLl 
ccd0 
attL2 
KtnR 
ori 

1 CTGACGGATG GCCTTTTTGC GTTTCTACAA ACTCTTCCTO TTAGTTAGTT ACTTAAGCTC 
61 GGGCCCCAAA TAATGATTIT ATTTTOACTG ATAGTGACCT QTTCQTTOCA ACAAATTQAT 
121 AAGCAATGCT tItITATAAT GCCAACTTTG TACAAAAAAG CAGGCTTTAA AGGAACCAAT 
181 TCAGTCGACT GGAfrCCGGTA OCGAATTCGC TTACTAAAA3 CCAQATAACA GTATGCGTAT 
241 TTGCGCGCTO ATTTTTGCOQ TATAA&AATA TATACTGATA TGTATACCCG AAOTATOTCA 
301 AAAAQAOGTO TOCTTCTAOA ATOCAOTTTA AGGTTTACAC CTATAAAAGA OAOAGCCGTT 
361 AXQQTQTOTT TQTQOATGTA CAGAGTGAXA TTATTGACAC GCCCQQQCQA CGOATAGTGA 
421 TCCCCCTGGC CAQTQCACQT CTOCTOTCAQ ATAAAOTCTC CCGTGAACTT TACCCOGTGG 
481 TGCATATCGG GGATGAAAGC TGGCGCATGA TGACCACCQA TATGGCCAGT GTGCCGGTCT 
541 COGTTATCGG GGAAGAAGTG GCtfGATCTCA GCCACCGOSA AAATGACATC AAAAACGCCA 
601 TTAACCTGAT GTTCTGGGGA ATATAQAATT OGCGOCCGCA CTCGAGATAT CTAGACCCAG 
661 CTTTCTTOTA CAAAGTTGGC ATXATAAOAA AGCATTGCTT ATCAATTTGT TGCAACGAAC 
721 AGGTCACTAT CAGTCAAAAT AAAATCATTA TTTGCCATCC AGCTGCAGCT CTOGCCCGTG 
781 TCTCAAAATC TCTGATGTTA CATTGCACAA GATAAAAATA TATCATCATG AACAATAAAA 
841 CTGTCTGCTT ACATAAACAG TAATACAAGG GGTGTTATGA GCCATATTCA ACGGOAAACG 
901 TCGAGGCCGC GATTAAATTC CAACATGGAT GCTGATTTAT ATGGGTATAA ATGGGCTCGC 
361 GATAATGTCG GGCAATCAGG TGCGACAATC TATCGCTTOT ATGGGAAGCC CGATGCGCCA 
1021 OAGTTGTTTC TGAAACAXGG CAAAGGTAGO GTTGCCAATG ATGTTACAGA TGAGATGGTC 
1081 AGACTAAACT GQCTGACGGA ATTTATGCCT CTTCGGACGA TCAAGCATTT TATCCGTACT 
1141 CCTGATGATG CATGOTTACT CACCACTGCG ATCCCCGGAA AAACAGCATT CCAGGTATTA 
1201 GAAOAATATC CTGATTCAGG TGAAAATATT GTTGATGCGC TGGCAGTGTC CCTGCGCCGG 
1261 TTGCATTCGA TTCCTGTTTG TAATTGTCCT TTTAACAOCG ATCGCGTATT TCGTCTC3CT 
1321 CAGGCOCAAT CACGAATGAA TAACOGTTTQ GTTGATGCOA OTOATTTTOA TGACGAGCGT 
1381 AATGGCTGGC CTGTTGAACA AGTCTGGAAA GAAATGCATA AACTTTTGCC ATTCTCACCG 
1441 GATTCAGTCG TCACTCATGG TGAT^TXCXCA CTTGATAACC TTATTTTTGA COAGGGOAAA 
1501 TTAATAGGTT GTATTGATGT TGGiiOGAGTC GGAATCGCAG ACCGATACCA GOATCTTOCC 
1561 ATCCTATGQA ACTGCCTCGG TGAQTTTTCT CCTTCATTAC AOAAACGGCT TTTTCAAAAA 
1621 TATGGTATTG ATAATCCTGA TATGAATAAA TTGCAGTTTC ATTTGATGCT COATGAGTTT 
1681 TTCTAATCAG AATTGGTTAA TTGOfcTGTAA CATTATTCAG ATTQGGCCCC GTTCCACTQA 
1741 .GCGTCAGACC CCOTAflAAAA GATCAAAfcGA TCTTCTTGAG ATCCTTTTTT TCTGCGCGTA 
1801 ATCTGCTGCT TGCAAACAAA AAAACCACCG CTACCAGCGG TGGTTTGTTT GCCJ2GGATCAA 
1861 GAGCTACCAA CTCTTTTTCC GAAGGTAACT GGCTTCAGCA GAGCGCAGAT AOCAAATACT 
iWl GrTCTTCTAG TOTAGOCtfTA GTTAGG£CAC CACTTCAAGA ACTCTGTAGC ACCGCCTACA 
1981 TACCTCGCTC TGCTAATCCT GTTACCAOTG GCTOCTGCCA GTGGC3ATAA GTCGTGTCTT 
2041 ACCGOGTTGG ACTCAAGACG ATAGTTACCG GATAAGGGGC AGCGGTCGGG CTOAACGGGG 
2101 GGTTCGTGCA CACAGCCCAG CTTGGAGCGA ACGACCTACA CCGAACTGAG ATACCTACAG 
2161 CGTGAGCTAT GAQAAAGCGC CACGCXTCCC GAAGGGAGAA AGGCGGACAG GTATCCGGTA 
2221 AGCGGCAGGG TCQGAACAGG AGAGCGCACG AGGGAGCTTC CAGGGQGAA& CGCCTGGTAT 
2281 CTTTATAGTC CTGTCGGGXT TCGCCACCTC TGACTTGAGC GTCGATTTTT GTGATGCTCG 
2341 TCAGOGGGOC GGAGCCTATG GAAAAACGCC AGCAACOCGG CCTTTTTACG GTTCCTGGCC 
2401 TTTTGCTQOC CTTTTGCTCA CATGTrCTTT CCTGCGTTAT CCCCTGATTC TGTGGATAAC 
2461 CGTATTACCG CTAGCATGGA TCTCGGGGAC GTCTAACTAC TAAGCOAGAG TAQGGAACTG 
2521 CCAGGCATCA AATAAAACOA AAGGCTCAGT GGGAA0ACTG GGCCTTTCGT TTTATCTGTT 
2561 GTTTGTCGGT GAACGCTCTC QTGAGTAGGA CRAATCCGCC GGGAGCGGAT TTGAACGTTG 
2641 TGAAGCAACG GCCCGGAdKSG TGGCGGGCAG GACGCCCGCC ATAAACTGCC AGGCATCAAA 
2701 CTAAGCAGAA GGCCATC 



Baaa Nob ... 

67. .166 
321.. 626 
655.. 754 
877.. 1586 
1791.. 2364 
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pD£$Tl 6464 bp 



Location (Base Nob . ) 


Gene Encoded 


216.. 257 • 


Trc promoter 


397.. 273 ' 


dttRl 


647.. 1306 


CmR 


1426.. 1510 . 


inactivated ccdA 


1648.. 1953 


CCdB 


1994.. 2118 . 


attfc2 


2598.. 3503 


ampR 


4104. .4264 


ori 


4504.. 4 941 


flori (fi intergenic region) 


5340. .6420. 


laclq 



1 GTTTGACAGC TTATCATCGA CTOCACGGTG CACCAATGCT TCTGGCGTCA GGCAGCCATC 
61 GGAAOCTGTG GTATGGCTGT GCAGGTCOTA AATCACTGCA TAATTCGTGT CGCTCAAGQC 
121 GCACTCCCGT TCTGGATAAT GTTTTTTOCO CCGACATCAT AACGGTTCTO GCAAATATTC 
181 TGAAATGAGC TGTTGACAAT TAATCATCCG GTCCOTATAA TCTGTGGAAT TGTGAGCGGG 
241 ATAACAATTT CATCOCGAGG. TACCAAGCTA TCACAAGTTT GTACAAAAAA GCTGAACGAO 
.301 AAACGTAAAA TGATATAAAT ATCAATATAT TAAATTAOAT TTTGCATAAA AAACAOACTA 
361 CATAATACTG TAAAACACAA CATATCCAOT CACTATGOCG GCCGCTAAGT TGGCAGCATC 
?21 ACCCGACGCA CTTTGCGCCG AAtAAATACC TGTGACGGAA GATCACTTCG CAGAATAAAT 
481 AAATCCTOGT GTCCCTGTTG ATACCGGGAA GCCCTGGGCC AACTTTTGGC GAAAATQAGA 
541 CGTTGATCGG CACGTAAGAQ GtTCCAACTT TCACCATAAT GAAATAAGAT CACTACCGGG 
601 CGTATTTTTT GAGTTAXCGA GATTTTCAGG AGCTAAGGAA GCTAAAATGG AGAAAAAAAT 
661 CACTOOATAT ACCACCGTTG . ATATATCCCA ATGGCATCGT AAAGAACATT TTGAGGCATT 
721 TCAGTCAGTT GCTCAATGTA CCTATAACCA GACCGTTCAG CTGGATATTA CGGCCTTTIT 
781 AAAOACCOTA AAGAAAAATA AGCACAAGTT TTATCCGGCC TTTATTCACA TTCTTOCCCG 
• 841 CCTGATGAAT GCTCATCCGG AATTCCGTAT GGCAATGAAA GACGGTQAGC TGGTGATATG 
901 GGATAGTGTT CACCCTTGTT ACACCGTTTT CCATGAGCAA ACTGAAACGT TTTCATCGCT 
961 CTGGAGTGAA TACCACGACG ATTTCCGGCA GTTTCTACAC ATATATTCGC AAGATOTGGC 
1021 GTGTTAGGGT GAAAACCTGO CCTATTTCCC TAAAGGGTTT ATltiAGAATA TGTTTTTCGT ' 
1081 CTC AQCC AAT CCCTGGOTGA GTTTCACCAG TTTTGATTTA. AACGTGGCCA ATATQGACAA 
1141 CTTCTTCGCC C02GTTTTCA CCATGGGCAA ATATTATACG CAAGGCGACA AGGTGCTGAT " 
1201 GCCGCTGGCG ATTCAGGTTC ATCATGCCGT CTGTGATGOC TTCCATGTCG GCAGAATQCT 
•1261 TAATGAATTA CAACAGTACT GCGATGAG1X3 GCAGGGCGGG GCGTAAACGC GTOGATCCGG 
1321 CTTACTAAAA GCCAGATAAC AQTATGCGTA TTTGCGCGCT GATTTTTGCG GTATAAGAAT 
1381 ATATACTT3AT ATGTATACCC GAAGTATGfC AAAAAGAGGT GTGCTATGAA GCAGCGTATT 
1441 ACAOTOACAG TTGACAGCGA CAGCTATCAG TTJ3CTCAAGG CATATATGAT GTCAATATCT 
1501 CCGGTCtGGT AAGCACAACC ATGCAGAJVTfc AAGCCCGTCG TCTGCGTGCC GAACGCTGGA 
1561 AAGCGGAAAA TCAGGAAGGG ATCGCTOA0G TCGCOCGGTT TATTGAAATG AACGGCTCTT 
1621 TTGCTGACGA GAACAGGGAC TGSTGAAATG CAGTTTAAGG TTTACACCTA ' TAAAAGAGAG 
1681 AGCCGTTATC GTCTGTTXGT GGATGTACAG AGTGATATTA TTQACAOGCC COGGCGACGG 
174* ATGGTGATCC CCCTGOCCAG TGCAC^TCTO CTGTCAGATA AAGTCTCCOG TOAACTTTAC 
,1801 C03GTGGTGC ATATCGGGGA TGAAAGCTGQ CGCATGATGA CCACCGATAT GGCCAGTGTG 
1861 CCGGTCTCCG TTATCGGGGA AGARGTGOCT. GATCTCAGCC ACCGCGAAAA TOACATCAAA 
1921 **^ CCATTA ACCTGATOTT ' CTGGGGAATA TAAATQTCAG GCTCCCTTAT ACACAGCCAG 
X9B1 TCTGCAGGTC GACCATAGTG ACTGfcATATG TTOTGTTTTA CAGTATTATG TAGTCTOTTT 
204H.TTTATGCAAA ATCTAATTTA ATATATTGAT ATTTATATCA 'TTITACGTTT CTCGTTCAGC 
2101. TTTCTTGTAC AAAGTOGTGA TAGCTTGGCT GTTTTGGCGO ATGAGAGAAG ATTTTCAGCC 
2161 TGATACAGAT TAAATCAQAA CGCAGAAGCG GTCTGATAAA ACAGAATTTG CCTGGCGGCA 
2221 GTAGCOCGGT GGTCCCACCT GACCCCATGC COAACTCAGA AGTGAAACGC CGTAGOGCOG 
2281 ATGGTAGTGT GGGGTCTCCC CATGCGAGAG TAGGGAACTO CCABGCATCA AATAAAACGA 
2341 AAGGCTCAGT CGAAAGACTG GGCCTTTCGT TTTATCTGTT GTTTGTCGGT GAACQCTCTC 
2401 CTQAGTAGGA CAAATCCGCC GGGAGCGGAT TTGAACGTTG CGAAGCAACG GCCCGGAGGG 
2461 TGGCGGGCAG GACGCCCQCC ATAAACTGCC AGGdATCAAA TTAAGCAGAA GGCCATCCTG 
2521 ACGGATGGCC TTTTTGCGTT TCTACAAACT CXrmWTT ATTTTTCTAA ATACATTCAA- 
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2581 ATATOTATCC GCTCATGAGA CAATAACCCT GATAAATGCT TCAATAATAT TGAAAAAQOA 
2641 AGAGTATGAG TATTCAACAT TTCCGTGTCG CCCTTATTCC CTTTTTTGCG GCATTTTGCC 
2701 TTCCTOTTTT TOCTCACCCA GAAACOCTOO TGAAAOTAAA AGATGCTGAA GATCAGTTGG 
2761 GTGCACGAOT CGGTTACATC OAACTCOATC TCAACAGCGO TAAGATCCTT GAGAGTTTTC 
2621 GCCCCGAAOA ACOTTTTCCA ATGATGAGCA CTTTTAAAGT TCTGCTATGT GGCGCGGTAT 
2881 TATCCCGTGT TGACGCOGGG CAAGAGCAhC TCGGTCGCCO CATACACTAT TCTCAGAATO 
2941 ACTTG3TTGA GTACTCACCA GTCACACtAAA AQCATCTTAC GGATOGCATG ACAGTAAGAG 
3001 AATTATGCAG TGCTOCCATA ACCATOAGTG ATAACACTOC GGCCAACTTA C1TCTGACAA 
3061 CGATCGGAOG ACCQAAGGAG CTAACCGCTT TTTTGCACAA CAXGGGGGAT CATQTAACTC 
3121 GCCTTOATCG TTGGGAACCG GAGCTGAATO AAGCCATACC AAACOACGAO CGTQACACCA 
3181 COATGCCTAC AGCAATGGCA ACAAOGTTGC OCAAACTATT AACTGGCGAA CTACTTACTC 
3241 TAGCTTCCCG GCAACAATTA ATAGACTGGA TGGAGGCGGA TAAAGTTGCA GGACCACTTC 
3301 TGCGCTCGGC CCTTCCOGCT GGCTGGTTTA TTGCTQATAA ATCTGGAGCC GGTGAGCGTO 
3361 GGTCTCGCGG TATCATTGCA GCACTGGGGC CAGATGGXAA GCCCTCCCGT ATCGTAGTTA 
3421 TCTACACGAC GGGGAGTCAG GCAACTATGG ATGAACGAAA TAGACAGATC GCTGAGATAG 
3481 QTGCCTCACT GATTAAGCAT TGGTAACTGr CAGACCAAGT TTACTCATAT ATACTTTAGA 
3541 TTGATTTAAA ACTTCATTTT TAATTTAAAA GGATCTAGGT GAAGATCCTT TTTfcATAATC 
3601 TCATGACCAA AATCCCTTAA CGTGAGTTTT OGTTCCACTO AGCGTCAGAC CCCGTAGAAA 
3661 AGATCAAAGG ATCTTCTTJ3A GATCCTTTIT TTCTGCGCGT AATCTGCTGC TTGCAAACAA 
3721 AAAAACCACC GCTACCAGCG GTGGTTTG7T TGCCGGATCA AGAGCTACCA ACTCTTTTTC 
3781 CGAAGGTAAC TGGCTTCAGC AGAGCGCAOA TACCAAATAC TGTCCTTCTA GTGTAGCCGT 
3841 AOTTAGGCCA CCACTTCAAG AACTCTOTAG CACCGCCTAC ATACCTCGCT CTGCTAATCC 
3901 TGTTACCAOT GGCTGCTGCC AGTGGCGATA AGTCGTGTCT TACCaGGTTG' GACTCAAGAC 
3961 GATAGTTACC GGATAAGGCG CAGCGGTCGG GCTGAACGGQ GGGTTCGTGC ACACAGCCCA 
4 021 GCTTGGAGCG AACOACCTAC ACCGAACTGA GATACCTACA GCGTGAGCTA TGAGAAAGCG 
4081 CCACGCTTCC CGAAGGOAGA AAGGGGGACA GGTATCCGGT AAGCGGCAOG OTCGGAACAG 
4141 GAGAGCGCAC GAGGGAGCTT CCAGGGGGAA ACGCCTGGTA TCTTTATAGT CCTGTCGGGT 
4201 TTCGCCACCT CTGACTTGAG CGTCGATTTT TGTGATGCTC GTCAGGGGGG CG3AGCCTAT 
4261 GGAAAAACGC CAGCAACGCO GCCTTTTTAC GGTTCCTGGC CTTTTGCTGG CCTTTTGCTC 
4321 ACATGTTCTT TCCTGCQTTA TCCCCTGATT CTGTGGATAA CCGTATTACC GCCTTTGAGT 
4381 GAGCTGATAC CGCTCGCCGC AGCCGAAOGA CCGAGCGCAG CGAGTCAGTG AGCGAGGAAG 
4441 OG GAAGAQCQ CCTGATGCOG TATTTTCTCC TTACQCATCT GTGCGGTATT TCACACCGCA 
4501 TAATTXTGTT AAAATTCOCG TTAAATTTTT GTTAAATCAG CTCATTTTTT AACCAATAGG 
4561 CCGAA&TCGQ CAAAATCCCT TATAAATCAA AAGAATAGAC GGA&ATAGGG TTGAGTGTTG 
4621 TTCCAGTTTG GAACAAGAGT CCACTATTAA AGAACGTGGA CTCCAACGTC AAA3GGCGAA 
4681 AAACCGTCTA TCAGGGCGAT GGCCCACTAC GTGAACCATC ACCCTAATCA AGTTmTGG 
4741 GGTCGASGTO CCGTAAAGCA CTAAATCGGA ACCCTAAAGG GAGCCCCCOA TTTAGAGCTT 
4801 GACGGGOAAA GCCGGCGAAC GTGGCGAGAA AGGAAGGGAA GAAAGCGAAA GGAGCGGGCG 
4861 CTAGGGCGCT GGCAAGTOTA GCGGTCACGC TGCQCGTAAC CACCACACCC GCCGCGCTTA 
4921 ATQCQCCQCT ACAGGGCQCG TCCATTCGCC ATTCAGGCTG CTATGGTGCA CTCTCAGTAC 
4981 AATCTGCTCT GATGCCGCAT AGTTAAGCCA GTACCAGTCA CGTAGCGATA TCGGAQTOTA 
5041 TACACTCCGC TATCGCTACO TGACTGGGTC ATGGCTGCGC CCCQACACCC OCCAACACCC 
5101 GCTQACGCGC CCTGACGGGC TTGTCTGCTC CCGGCATCCG CTTACAGACA AGCTGTGACC 
5161 GTCTCCGGGA GCTGCATGTG TCAOAGGTTT TCACCGTCAT CACCGAAACG CGCGAGGCAG 
,5221 CAGATCAATT CGCOCGCGAA GGCGAAGCGG CATGCATTTA CGTTOACACC ATOGAATGGT 
3281 GCAAAACCTT TCGCGQTATG GCATGATAQC GCCCGGAAGA GAGTCAATTC AGGGTGGTGA 
5341 ATGTG AAACC AGTAACGTTA TACGATGTCG CAGAGTATGC CGGTOTCTCT TATCAGACCG 
5401 TTTCCCGCGT OGTGAACCAG GCCAGCCACG' TTTCTGCOAA AACGCGGOAA AAAGTGGAAG 

54 6 1a .CGGCGATGGC ggagctgaat tacattccca ACCGCGTGGC acaacaactg gcggocaaac 

5521 AGTCGTTGCT GATTGGCGTT GCCACCTCCA GTCTGGCCCT GCACGCGCCG TCGCAAATTO 
5581 TCGCGGCGAT TAAATCTCGC GCCGATCAAC TGGGTGCCAG CGTGGTOGTG TCGATGGTAO 
5641 AACGAAGCGG CGTCOAAGCC TGTAAAGCGG CGGTGCACAA TCTTCTCGCG CAAOOCOTCA 
5701 GTGGGCTGAT CATTAACTAT CCGCTGGATG ACCAGOATGC CATTGCTOTO GAAGCTGCCT 
I 761 GCACTAATOT TCCGGCGTTA TTTCrfGATG TCTCTGACCA' GACACCCATC AACAGTAtTA 
5821 TTTTCTCCCA TGAAGACOGT ACGCGACTGG GCGTGGAGCA TCTQGTCGCA TTGGGTCACC 
III] ^5^T2?S ?£ T ?!! AGCG GGCCCATTAA C3TTCTGTCTC GGOGOGTCTG CGTCTGGCTG 
5941 GCTGGCATAA ATATCTCACT CGCAATGAAA TTCAGCCGAT AGCGGAACGG GAAGGCGACT 
6001 GGAGTQCCAT OTCOGOTTOT CAACAKACCA TGCAAATGCT OAATOAGOGC ATCGTTCCCA- 



WO 02/095055 



23/57 



PCT/US02/15947 



6061 CTGCQATGCT GQTTOCCAAC GATCAGATGG CGCTGGGCGC AATGCGCGCC ATTACCOAGT 
6121 CCX3GGCTSCG CGTTGGTGCG .GATATCTCGG TAGTGGGATA. CGACGATACC GAAQACAGCT 
61B1 CATOTTATAT CCCGCCOTTA ACCACCATCA AACAOGATTT TCQCCTOCTG GOQCAAACCA 
6241 GCQTOGACCO CTTGCTGCAA CTCTCTCAQQ GCCACGCGGT GAAGOGCAAT CAGCTGTTGC 
6301 CCGTCTCACT GGTGAAAAGA AAAACCACCtf TGGCACCCAA TACGCAAACC GCCTCTCCCC 
6361 GCGCGTTGGC CGATTCATTA ATGCAGCTGG CACGACAGGT TTCCQGACXG GAAAGCGGGC 
6421 AGTGAGCGCA ACGCAATTAA TGTGAGTTAG CGCGAATTGA TCTG 
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pDONR207 - 5584 bp 

GCGAGAGTAGGQAACTQCCAGQCATCAAATAAAACGAAAGGCTCAQTCGGAAGACTGGGC 
CTTTCGTTTTATCTGTTGTTTGTCGGTGAACaCTCTCCTGAGTAGGACAAATCCGCCGGG 
AGCGGATTTGAACGTTGTGAAGCAACGGCCCGGAGGGTGGCGGGCAGGACGCCCGCCATA 
AACTGCCAGGCATCAAACTAAGCAGAAGGCCATCCTGACGGATGGCCTTTTTGCGTTTCT 
ACAAACTCTTCCTGGCTAQCGGTAATACGGTTATCCACAGAATCAGGGGATAACGCAGGA 

aagaacatgtgagcaaaaggccagcaaaaggccaggaaccgtaaaaaggccgcgttgcto 
gcgtttttccataqgctccgcccccctgacgagcatcacaaaaatcgacgctc^ 
aggtggcgaaacccgacaggactataaagataccaqqcgtttccc^ 
gtgcgctctcctgttccgaccctgccgcttaccggatacx:tgtccgcctttctcccttcq 

GGAAGCGTGGCGCTTTCTCATAGCTCACGCTGTAGGTATCTCAGTTCGGTGTAGGTCGTT 

CGCTCCAAGCTGGGCTGrGTGCACGAACCCCCCGTTCAGCCCGACCGCTGCGCCTTATCC 

GGTAACTATCGTCTTGAGTCCAACCGGGTAAGAGACGACTTATCGCCACTGGCAGCAGCC 

ACTGGTAACAQGATTAGCAGAGCGAOGTATGTAGGCGGTGCTACAGAGTTCTTGAAGTGa 

TGGCCTAACTACGGCTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCA 

GTTACCTTCGGAAAAAGAGTTtaGTAGCTCTTGATCCGGCAAACAAAC 

GGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGAAAAAAAGGATCTCAAGAAGAT 

CCTTTGATCTTTTCTACGGGGTCTGACGCTCAGTGGAACGAAAACTCACG'rrAAGGGATT 

TTGGTCATGAGCTTQCGCCGTCCCGTCAAGTCAGCGTAATOCTCTGCCAQTGTTACAACC 

AATTAACCAATTCTGATTAGAAAAACTC^TCGAGCAT 

TATCAGGATTATCAATACCATATTTTTGAARAAGCCGTTTCTGTAATGAAGGAGAAAACT 

CACCTAGGCAGTTCCATAGGATGGCAAGATCCTGGTATCGGTCTGCGATTCCGACTCGTC 

CAACATCAATACAACCTATTAGTAaCCAACCACTAGAACTATAGCTAGAGTCCTGGGCGA 

ACAAACGATGCTCGCCTTCCAGAAAACCGAGGATGCGAACCACTTCATC 

CCACCGGCAAGCGCCGCGACGGCCGAGGTCTTCCGATCTCCTGAAGCCAGGGCAGATCCG 

TGCACAG CACCTTGC CGT AGAAGAACAGCAAGG CCG CCAArGCCTG ACGATGCQTGGAGA 

CCGAAACCTTGCGCTCGTTCGCCAGCCAGGACAGAAATGCCTCGACTTCGCTGCTGCCCA 

AGGTTGCCGGGTGACGCAC^CCGTGGAAACGGATGAAGGCACGAACCCAGTTaACATAM 

CCTGTTCGGTTCGTAAACTGTAATGCAAGTAGCGTATGCGCTCACGCAACTGGTCCAGAA 

CCTTGACCGAACGCAGCGGTGGTAACGGCGCAGTGGCGGTTTTCATGGCTTGTTATGACT 

GTTTTTTTGTACAGTCTATGCCTCGGGGATCCAAGCAGCAAGCGCGTTACGCCGTGGGTC 

GATGTTTGATGTTATGGAG CAG CAACGATGTTACG CAGCAGCAACGATGTTACQCAGCAO 

GGCAGTCGCCCTAAAACAAAGTTAGGTGGCTCAAGTATGGGCATCATTCGCACATGTAGG 

CTCGGCCCTGACCAAGTCAAATCCATGCGGGCTGCTCTTGATCTTTTCGGTCGTGAGTTC 

GGAGACGTAGCCACCTACTCCCAACATCAGCCG^CTCCGATTACCTCGGGAACTTGCTC 

CGTAGTAAGACATTCATCGCGCTTGCTGCPTTCGACCAAGAAGCGGTTGTTGGCGCTCTC 

GCGGCTTACGTTCTGCCCAGGTTTGAGCAGCCGCGTAGTGAGATCTATATCTATGATCTC 

GCAGTCTCCGGCGAGCACCGGAGGCAGGGCATTGCCACCGCGCTCATCAATCTCCTCAAQ 

CATGAGGCCAACGCGCTTGGTGCTTATGTGATCTACGTGCAAGCAGATTACGGTGACGAT 

CCCGCAGTGGCTCTCTATACAAAGTTGGGCAtAfiGGGAAGAAGTGATGCACTTTGATATC 

GACCCAAGTACXIGCCACCTAACAATTCGTi'CAAGCCGAGATCGGCTTCCCGGCCTAATTT 

CCCCTCGTCAAAAATAAGGTTATCAAGTGAGAAATCACCATGAGTGACGACTGAATCCGQ 

TQAGAATGGCAAAAGTTTATGCATTTCTTTCCAGACTTGTTCAACAGGCCAGCCATTACG 

CTCGTCATCAAAATCACTCGCAT CAACCAAACCGTTATT CATTCGTGATTG CG CCTGAQC 

GAGACGAAATACGCGAT CGCTGTTAAAAGGACAATTACAAACAGGAATCGAATGCAAC CG 

GCGCAGGAACACTGCCAGCGCATCAACAATATTTTCACCTGAATCAGGATATTCTTCTAA 

TACCTpGAATGCTGTTTTTCCGGGGATCGCAGTGGTGAGTAACCATGCATCATCAGGAGT 

ACGGATAAAATGCTTGATGGTCGGAAGAGGCATAAATTCCGTCAGCCAGTTTAGTCTGAC 

CATCTCATCTGTAACATCATTGGCAACGCTACCTTTGCCATGTTTCAGAAACAACTCTGG 

cgcatcgggcttcccatacaagcgatagattgtcgcacctgattgcccgacattatcgcg 
agcccatftatacccatataaatcagcatccatgttggaatttaatcgcggcctcgacgt 

TTCCCGTTGAATATGGCTCATAACACCCCCTGTATTACTGTTTATGTAAGC^GACAGTTT 

TATTGTTCATGATGATATATTTTTATCTTGTGCAATGTAACATCAGAGATTTTGA 

GGGCCAGAGCTGCAGCTGGATGGCAAATAATGATTTTATTTTGACTGATAGTGACCTGTT 

CGTTGCAACAAATTGATAAGCAATGCTTTCTTATAATGCCAACTTTGTACAAGAAAGCTG 

AACGAGAAACGTAAAATGATATAAATATCAATATATTAAATTAGATTTTGCATAAAAAAC 

AGACTACATAATACTGTAAAACACAACATATCCAGTCACTATGAATCAACTACTTAGATG- 
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GTATTAGTGACCTQTAGTCOACTAAGTTQOCAGCATCACCCQACGCACTTTGCGCGGAAT 

AAATACCTGTGACGGAAGATCACTTCGCAGAATAAATAAATCCTGGTGTCCCTGTTGATA 

CCGGGAAGCCCTGGGCCAACTTTGGCGAAAATGAGACGTTGATCGGCACGTAAGAGGTTC 

CAACTTTCACCATAATGAAATAAGATCACTACCOGGCGTATTTTTTGAGTTATCGAGATT 

TTCAGGAGCTAAGGAAGCTAAAATGGAGAAAAAAATCACTGGATATACCACCGTTGATAT 

ATCCCAATGGCATCGTAAAGAACATTTTC^GGCATTTCAGTCAGTTGCTC^ 

TAACCAGAC CGTTCAG CTGGAT ATTACGG CCTTTTTAAAGACCGrAAAGAAAAATAAGCA 

CAAGITTTATCCGGCCTTTATTCACATTCTTGCCCGCCTGATGAATGCTCATCCGGAATT 

CCGTATGGCAATGAAAGACGGTGAGCTGGTGATATGGGATAGTGTTCACCCTTGTTACAC 

CGTXTTCCATGAGCAAACTGAAACGTTTTCATCGCTtCTGaAGTGAATACCACGACGATT^ 

CCGGCAdTTTCTACACATATATTCGCAAGAT<STGGCGTGTTACGGTGAAAACCTGGCCT 

TTTCCCTAAAGGGTTTATTGAGAATATGTTTTTCGTCTCAGCCAATCCCTGGGTGAGTTT 

CACCAGTTTTGATTTAAACGTGGCCAATATGGACAACTT^ 

GGGCAAATATTATACGCAAGGCGACAAOGTGCTGATOC^CTGGCGATTCAGGOT 

TGCCGTCTGTGATGGCTTCCATQTCGGCAGAATGCTTAATQAATTACAACAGTACTGCGA 

TGAGTGGCAGGGCGGGGCGTAATCGCGTGGATCCGGCTTACTAAAAGCCAGATAACAGTA 

TGCGTATTTGCGCGCTGATTTTTGCGGtATAAGAATATATACTGATATGTATACCCGAAG 

TATGTCAAAAAGAGGTGTO CTATGAAGCAGCGTATTACAGTGACAGTTGACAG CGACAGC 

TATCAGTTGCTCAAGGCATATATGATGTCAATAT CT C CGGTCTGGTAAGCACAACCATGC 

AGAATGAAGCCCGTCGTCTGCGTGCCGAACGCTGGAAAGCGGAAAATCAGGAAOGGATGG 

CTGAGGTCGCCCGGTTTATTGAAATGAAOTGCTCTTTrGCTGACGAGAACAGGGACTGGT 

GAAATGCAGTTTAAGGTTTACACCTATAAAAGAGAGAGCCGTTATCGTCTGTTTGTGGAT 

GTACAGAGTGATATTATTGACAOGCCCGGGCGACGGATGGTGATCCCCCTGGCCAGTGC^ 

CGTCTGCTGTC^GATAAAGTCTCCCGTte^ 

AGCTGGCGCATGATGACCACCGATATGGCCAGTGTGCOGGTCTCCGTTATCGGGGAAGAA 

GTGG CTGATCTCAGCCAC CGCGAAAATGACATCAAAAACG CCATTAACCTGATGTTCTGG 

GGAATATAAATGT CAGG CT CCCTTATACACAGCCAGTCTGCAGGTCGATACAGTAjCsAAAT 

TACAGAAACTTTATCACGTTTAGTAAGTATAJGAGGCTGAAAATCCAGATGAAGCCGAAC 

ACTTGTAAGAGAAAAGTATAAGAGTTGTGAAATTGTTCTTGATGCAGATGATTTTCAGGA 

CTATGACACTAGCGTATATGAATAGGTAC^TGTTTTTATTTTGTCACACAAAAAAGAGGC 

TCGCACCTCTTTTTCTTATTTCTTTTTATG^ 

TAGGCTGGATACGACGATTCCGTTTGAGAAQAACATTTGGAAGGCTGTCGGTCGACTAAG 
TTGGCAGCATCACCCGAAGAAC^TTTGGAAGGCTGTCGGTCGACTACAGGTCACTAATAC 
CATCTAAGTAGTTGATTCATAGTGACTG^TATCTTGTGTXTTACAGTATTATGTAGTCT 
GTTTTTTATGCAAAATCTAATTTAATATATTGATATTTATATCATTTTACGTTTCTCGTT 
CAGCTTTTTTGTACAAAGTTGGCATTATAAAAAAGCATTGCT 

AACAGGTCACTATCAGTCAAAATAAAATCATXATTTGGGGCCCGAGATCCATGCTAGOGT 
TAAC 
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LOCUS 

DEFINITION 
ACCESSION 
KEYWORDS 
SOURCE 
ORGANISM 

REFERENCE 
AUTHORS 
JOURNAL 

FEATURES 
CDS 

CDS 

. CDS 



CDS 



CDS 



PDONR201 4470 bp DNA CIRCULAR SVN 

13835 rotated to position 3516 
PDONR201 

Unknown. 

Unknown 

Unclassified. 

1 (bases 1 to 4470) 

Self 

Unpublished. 

Location/ Qualifiers 
complement (€56.. 961) 
/gene= n ccdB D 
complement (1099. .1184) 
/genes" ccdA" 
complement (1303. .1962) 
/gene="Cmr n 
2565. .3374 
/gene» H Kmr n 
3495.. 4134 
/ gene= " or i" 
/product="pUC ori " 
1193 a 1037 c 977 g 1263 t 



BASE COUNT 
ORIGIN 

1 GTTAACGCTA GCATGGATCT CGGGCCCCAA ATAATGATTT TATTTTGAC* GATAGTGACC 
61 TGTTCGTTGC AACAAATTGA TGAGCAATGC TTTTTTATAA TGCCAACTTT GTACAAAAAA 
121 GCTGAACGAG AAACGTAAAA TGATATAAAT ATCAATATAT TAAATTAGAT TTTGCATAAA 
181 AAACAGACTA CATAATACTG TAAAACACAA CATATCCAGT CACTATGAAT CAACTACTTA 
241 GATGGTATTA GTGACCTGTA GTCGACCGAC AGCCTTCCAA ATGTTCTTCG GGTGATGCTG 
301 CCAACTTAGT CGACCGACAG CCTTCCAAAT GTTCTTCTCA AACGGAATCG TCGTATCCAG 
3 61 CCTACTCGCT ATTGTCCTCA ATGCCGTATT AAATCATAAA AAGAAATAAG AAAAAGAGGT 
431 GCGAGCCTCT TTTTTGTGTG ACAAAATAAA AACATCTACC TATTCATATA CGCTAGTGTC 
481 ATAGTCCTGA AAATCATCTG CATCAAGAAC AATTTCACAA CTCTTATACT TTTCTCTTAC 
541 AAGTCGTTCG GCTTCATCTG GATTTTCAGC CTCTATACTT ACTAAACGTG ATAAAGTTTC 
601 TGTAATTTCT ACTGTATCGA CCTGCAGACT GGCTGTGTAT AAGGGAGCCT GACATTTATA 
661 TTCCCCAGAA CATCAGGTTA ATGGCGTTTT TGATGTCATT TTCGCGGTGG CTGAGATCAG 
721 CCACTTCTTC CCCGATAACG GAGACCGGCA CACTGGCCAT ATCGGTGGTC ATCATGCGCC 
781 AGCTTTCATC CCCGATATGC ACCACCGGGT AAAGTTCACG GGAGACTTTA TCTGACAGCA 
841 GACGTGCACT GGCCAGGGGG ATCACCATCC GTCGCCCGGG CGTGTCAATA ATATCACTCT 
901 GTACATCCAC AAACAGACGA TAACGGCTCT CTCTTTTATA GGTGTAAACC TTAAACTGCA 
961 TTTCACCAGT CCCTGTTCTC GTCAGCAAAA GAGCCGTTCA TTTCAATAAA CCGGGCGACC 
1021 TCAGCCATCC CTTCCTGATT TTCCGCTTTC CAGCGTTCGG CACGCAGACG ACGGGCTTCA 
1081 TTCTGCATGG TTGTGCTTAC CAGACCGGAG ATATTGACAT CATATATGCC TTGAGCAACT 
1141 GATAGCTCTC GCTGTCAACT GTCACTGTAA TACGCTGCTT CATAGCACAC CTCTTTTTGA 
1201 CATACTTCGG GTATACATAT CAGTATATAT TCTTATACCG CAAAAATCAG CGCGCAAATA 
1261 CGCATACTGT TATCTGGCTT TTAGTAAGCC GGATCCACGC GATTACGCCC CGCCCTGCCA 
1321 CTCATCGCAG TACTGTTGTA ATTCATTAAG CATTCTGCCG ACATGGAAGC CATCACAGAC 
1381 GGCATGATGA ACCTGAATCG CCAGCGGCAT CAGCACCTTG TCGCCTTGCG TATAATATTT 
1441 GCCCATGGTG AAAACGGGGG CGAAGAAGTT GTCCATATTG GCCACGTTTA AATCAAAACT 
1501 GGTOAAACTC ACCCAGGGAT TGGCTGAGAC GAAAAACATA TTCTCAATAA ACCCTTTAGG 
1561 GAAATAGGCC AGGTTTTCAC CGTAACACGC CACATCTTGC GAATATATGT GTAGAAACTG 
1621 CCGGAAATCG TCGTGGTATT CACTCCAGAG CGATGAAAAC GTTTCAGTTT GCTCATGGAA 
1681 AACGGTGTAA CAAGGGTGAA CACTATCCCA TATCACCAGC TCACCGTCTT TCATTGCCAT 
1741 ACGGAATTCC GGATGAGCAT TCATCAGGCG GGCAAGAATG TGAATAAAGG CCGGATAAAA 
1801 CTTGTGCTTA TTTTTCTTTA CGGTCTTTAA AAAGGCCGTA ATATCCAGCT GAACGGTCTG 
1861 GTTATAGGTA CATTGAGCAA CTGACTGAAA TGCCTCAAAA TGTTCTTTAC GATGCCATTG 
1921 GGATATATCA ACGGTGGTAT ATCCAGTGAT TTTTTTCTCC ATTTTAGCTT CCTTAGCTCC 
1981 TGAAAATCTC GATAACTCAA AAAATACGCC CGGTAGTGAT CTTATTTCAT TATGGTGAAA 
2041 GTTGGAACCT CTTACGTGCC GATCAACGTC TCATTTTCGC CAAAAGTTGG CCCAGGGCTT 
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2101 CCCGGTATCA ACAGGGACAC CAGGATTTAT TTATTCTGCG AAGTCATCTT CCGTCACAGG 
2161 TATTTATTCG GCGCAAAGTG CGTCGGGTGA TGCTGCCAAC ,TTAGTCGACT ACAGGTCACT 
2221 AATACCATCT AAGTAGTTGA TTCATAGTGA CTGGATATGT TGTGTTTTAC AGTATTATGT 
2281 AGTCTGTTTT TTATGCAAAA TCTAATTTAA TATATTGATA TTTATATCAT TTTACGTTTC 
2341 TCGTTCAGCT TTCTTGTACA AAGTTGGCAT TATAAGAAAG CATTGCTTAT CAATTTOTTG 
2401 CAACGAACAG GTCACTATCA GTCAAAATAA AATCATTATT TGCCATCCAG CTGCAGCTCT 
2461 GGCCCGTGTC TCAAAATCTC TGATGTTACA TTGCACAAGA TAAAAATATA TCATCATGAA 
2521 CAATAAAACT GTCTGCTTAC ATAAACAGTA ATACAAGGGG TGTTATGAGC CATATTCAAC 
2581 GGGAAACGTC GAGGCCGCGA TTAAATTCCA ACATGGATGC TGATTTATAT GGGTATAAAT 
2641 GGGCTCGCGA TAATGTCGGG CAATCAGGTG CGACAATCTA TCGCTTGTAT GGGAAGCCCG 
2701 ATGCGCCAGA GTTGTTTCTG AAACATGGCA AAGGTAGCGT TGCCAATGAT GTTACAGATG 
2761 AGATGGTCAG ACTAAACTGG CTGACGGAAT TTATGCCTCT TCCGACCATC AAGCATTTTA 
2821 TCCGTACTCC TGATGATGCA TGGTTACTCA CCACTGCGAT CCCCGGAAAA ACAGCATTCC 
2881 AGGTATTAGA AGAATATCCT GATTCAGGTG AAAATATTGT TGATGCGCTG QCAGTGTTCC 
2941 TGCGCCGGTT GCATTCGATT CCTGTTTGTA ATTGTCCTTT TAACAGCGAT CGCGTATTTC 
3001 GTCTCGCTCA GGCGCAATCA CGAATGAATA ACGGTTTGGT TGATGCGAGT GATTTTGATG 
3061 ACGAGCGTAA TGGCTGGCCT GTTGAACAAG TCTGGAAAGA AATGCATAAA CTTTTGCCAT 
3121 TCTCACCGGA TTCAGTCGTC ACTCATGGTG ATTTCTCACT TGATAACCTT ATTTTTGACG 
3181 AGGGGAAATT AATAGGTTGT ATTGATGTTG GACGAGTCGG AATCGCAGAC CGATACCAGG 
3241 ATCTTGCCAT CCTATGGAAC TGCCTCGGTG AGTTTTCTCC TTCATTACAG AAACGGCTTT 
3301 TTCAAAAATA TGGTATTGAT AATCCTGATA TGAATAAATT GCAGTTTCAT TTGATGCTCG 
3361 ATGAGTTTTT CTAATCAGAA TTGGTTAATT GGTTGTAACA CTGGCAGAGC ATTACGCTGA 
3421 CTTGACGG9A CGGCGCAAGC TCATGACCAA AATCCCTTAA CGTGAGTTTT CGTTCCACTG 
3481 AGCGTCAGAC CCCGTAGAAA AGATCAAAGG ATCTTCTTGA GATCCTTTTT TTCTGCGCGT 
3541 AATCTGCTGC TTGCAAACAA AAAAACCACC GCTACCAGCG GTGGTTTGTT TGCCGGATCA 
3601 AGAGCTACCA ACTCTTTTTC CGAAGGTAAC TGGCTTCAGC AGAGCGCAGA TACCAAATAC 
3661 TGTCCTTCTA GTGTAGCCGT AGTTAGGCCA CCACTTCAAG AACTCTGTAG CACCGCCTAC 
3721 ATACCTCGCT CTGCTAATCC TGTTACCAGT GGCTCCTGCC AGTGGCGATA AGTCGTGTCT 
3781 TACCGGGTTG GACTCAAGAC GATAGTTACC GGATAAGGCG CAGCGGTCGG GCTGAACGGG 
3841 GGGTTCGTGC ACACAGCCCA GCTTGGAGCG AACGACCTAC ACOGAACTGA GATACCTACA 
3901 GCGTGAGCTA TGAGAAAGCG CCACGCTTCC CGAAGGGAGA AAGGCGGACA GGTATCCGGT 
3961 AAGCGGCAGG GTCGGAACAG GAGAGCGCAC GAGGGAGCTT CCAGGGGGAA ACGCCTGGTA 
4021 TCTTTATAGT CCTGTCGGGT TTCGCCACCT CTGACTTGAG CGTCGATTTT TGTGATGCTC 
4081 GTCAGGGGGG CGGAGCCTAT GGAAAAACGC CAGCAACGCG GCCTTTTTAC GGTTCCTGGC 
4141 CTTTTGCTGG CCTTTTGCTC ACATGTTCTT TCCTGCGTTA TCCCCTGATT -CTGTGGATAA 
4201 CCGTATTACC GCTAGCCAGG AAGAGTTTGT AGAAACGCAA AAAGGCCATC CGTCAGGATG 
4261 GCCTTCTGCT TAGTTTGATG CCT(SGCAGTT TATGGCGGGC GTCCTGCCCG CCACCCTCCG 
4321 GGCCGTTGCT TCACAACGTT CAAATCCGCT CCCGGCGGAT TTGTCCTACT CAGGAGAGCG 
4381 TTCACCGACA AACAACAGAT AAAACGAAAG GCCCAGTCTT CCGACTGAGC CTTTCGTTTT 
4441 ATTTGATGCC TGGCAGTTCC CTACTCTCGC 
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LOCUS 

DEFINITION 
ACCESSION 
KEYWORDS 
SOURCE 
ORGANISM 

REFERENCE 
AUTHORS 
JOURNAL 

FEATURES 
CDS 

CDS 

CDS 

CDS 



PDONR212 
PDONR212 



4428 bp DNA CIRCULAR SYN 



CDS 



CDS 



CDS 



BASE COUNT 
ORIGIN 

1 
61 



Unknown. 

Unknown 

Unclassified. 

1 (bases 1 to 4428) 

Self 

Unpublished. 

Location/Qualifiers 
complement (866*. 1097) 
/genes' at tPl" 
complement (1493. .1798) 
/gene="ccdB" 
complement (2140. .2799) 
/gene= n Cmr° 
3047. .3279 
/gene*"attP2" 
complement (3398. .4128) 
/ gene = "Km" 

complement (4209. .4229) 
/genea n TetOP tt 
4290. .501 
/gene»"ori" 
/product** B pUC ori 0 
1214 a 1064 c 929 g 1221 t 



CTTCAGCAGA GCGCAGATAC CAAATACTGT CCTTCTAGTG TAGCCGTAGT TAGGCCACCA 
CTTCAAGAAC TCTGTAGCAC CGCCTACATA CCTCGCTCTG CTAATCCTGT TACCAGTGGC 
121 TGCTGCCAGT GGCGATAAGT CGTGTCTTAC CGGGTTOGAC TCAAGACGAT AGTTACCGGA 
181 TAAGGCGCAG CGGTCGGGCT GAACGGGGGG TTCGTGCACA CAGCCCAGCT TGGAGCGAAC 
241 GACCTACACC GAACTGAGAT ACCTACAGCG TGAGCTATGA GAAAGCGCCA CGCTTCCCGA 
301 AGGGAGAAAG GCGGACAGGT ATCCGGTAAG CGGCAG3GTC GGAACAGGAG AGCGCACGAG 
361 GGAGCTTCCA GGGGGAAACG CCTGGTATCT TTATAGTCCT GTCGGGTTTC GCCACCTCTG 
421 ACTTGAGCGT CGATTTTTGT GATGCTCGTC AGGGGGGCGG AGCCTATGGA AAAACGCCAG 
481 CAACGCGGCC TTTTTACGGT TCCTGGCCTT TTGCTGGCCT TTTGCTCACA TGTTCTTTCC 
541 TGCGTTATCC CCTGATTCTG TGGATAACCG TATTACCGCT AGCCAGGAAG AGTTTGTAGA 
AACGCAAAAA GGCCATCCGT CAGGATGGCC TTCTGCTTAG TTTGATGCCT GGCAGTTTAT 
GGCGGGCGTC CTGCCCGCCA CCCTCCGGGC CGTTGCTTCA CAACGTTCAA ATCCGCTCCC 
721 GGCGGATTTG TCCTACTCAG GAGAGCGTTC ACCGACAAAC AACAGATAAA ACGAAAGGCC 
781 CAGTCTTCCG ACTGAGCCTT TCGTTTTATT TGATGCCTGG CAGTTCCCTA CTCTCGCGTT 
841 AACGCTAGCA TGGATCTCGG GCCCCAAATA ATGATTTTAT TTTGACTGAT AGTGACCTGT 
901 TCGTTGCAAC AAATTGATGA GCAATGCTTT TTTATAATGC CAACTTTGTA CAAAAAAGCT 
961 GATATCGAAA CGTAAAATGA TATAAATATC AATATATTAA ATTAGATTTT GCATAAAAAA 
1021 CAGACTACAT AATACTGTAA AACACAACAT ATCCAGTCAC TATGAATCAA CTACTTAGAT 
1081 GGTATTAGTG ACCTGTAGTC GACCGACAGC CTTCCAAATG TTCTTCGGGT GATGCTGCCA 
1141 ACTTAGTCGA CCGACAGCCT TCCAAATGTT CTTCTCAAAC GGAATCGTCG TATCCAGCCT 
1201 ACTCGCTATT GTCCTCAATG CCGTATTAAA TCATAAAAAG AAATAAGAAA AAGAGGTGCG 
1261 AGCCTCTTTT TTGTGTGACA AAATAAAAAC ATCTACCTAT TCATATACGC TAGTGTCATA 
1321 GTCCTGAAAA TCATCTGCAT CAAGAACAAT TTCACAACTC TTATACTTTT CTCTTACAAG 
1381 TCGTTCGGCT TCATCTGGAT TTTCAGCCTC TATACTTACT AAAQGTGATA AAGTTTCTGT 
1441 AATTTCTACT GTATCGACCT GCAGACTGGC TGTGTATAAG GGAGCCTGAC ATTTATATTC 
1501 CCCAGAACAT CAGGTTAATG GCGTTTTTGA TGTCATTTTC GCGGTGGCTG AGATCAGCCA 
1561 CTTCTTCCCC GATAACGGAG ACCGGCACAC TGGCCATATC GGTGGTCATC ATGCGCCAGC 
1621 TTTCATCCCC GATATGCACC ACCGGGTAAA GTTCACGGGA GACTTTATCT GACAGCAGAC 
1681 GTGCACTGGC CAGGGGGATC ACCATCCGTC GCCCGGGCGT GTCAATAATA TCACTCTGTA 
1741 CATCCACAAA CAGACGATAA CGGCTCTCTC TTTTATAGGT GTAAACCTTA AACTGCATTT 
1801 CACCAGTCCC TGTTCTCGTC AGCAAAAGAG CCGTTCATTT CAATAAACCG GGCGACCTCA 
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1861 GCCATCCCTT CCTGATTTTC CGCTTTCCAG CGTTCG6CAC GCAGACGACG GGCTTCATTC 
1921 TGCATGGTTG TGCTTACCAG ACCGGAGATA TTGACATCAT ATATGCCTTG AGCAACTGAT 
1981 AGCTGTCGCT GTCAACTGTC ACTGTAATAC GCTGCTTCAT AGCACACCTC TTTTTGACAT 
2041 ACTTCGGGTA TACATATCAG TATATATTCT TATACCGCAA AAATCAGCGC GCAAA^ACGC 
2101 ATACTGTTAT CTGGCTTTTA GTAAGCCGGA TCCACGCGAT TACGCCCCGC CCTGCCACTC 
2161 ATCGCAGTAC TGTTGTAATT CATTAAGCAT TCTGCCGACA TGGAAGCCAT CACAGACGGC 
2221 ATGATGAACC TGAATCGCCA GCGGCATCAG CACCTTGTCG CCTTGCGTAT AATATTTGCC 
2281 CATGGTGAAA ACGGGGGCGA AGAAGTTGTC CATATTGGCC ACGTTTAAAT CAAAACTGGT 
2341 GAAACTCACC CAGGGATTGG CTGAGACGAA AAACATATTC TCAATAAACC CTTTAGGGAA 
2401 ATAGGCCAGG TTTTCACCGT AACACGCCAC ATCTTGCGAA TATATGTGTA GAAACTGCCG 
2461 GAAATCGTCG TGGTATTCAC TCCAGAGCGA TGAAAACGTT TCAGTTTGCT CATGGAAAAC 
2521 GGTGTAACAA GGGTGAACAC TATCCCATAT CACCAGCTCA CCGTCTTTCA TTGCCATACG 
2581 GAATTCCGGA TGAGCATTCA TCAGGCGGGC AAGAATGTGA ATAAAGGCCG GATAAAACTT 
2641 GTQCTTATTT TTCTTTACGG TCTTTAAAAA GGCCGTAATA TCCAGCTGAA CGGTCTGGTT 
2701 ATAGGTACAT TGAGCAACTG ACTGAAATGC CTCAAAATGT TCTTTACGAT GCCATTGGGA 
2761 TATATCAACG GTGGTATATC CAGTGATTTT TTTCTCCATT TTAGCTTCCT TAGCTCCTGA 
2821 AAATCTCGAT AACTCAAAAA ATACGCCCGG TAGTGATCTT ATTTCATTAT GGTGAAAGTT 
2881 GGAACCTCTT ACGTGCCGAT CAACGTCTCA TTTTCGCCAA AAGTTGGCCC AGGGCTTCCC 
2941 GGTATCAACA GGGACACCAG GATTTATTTA TTCTGCGAAG TGATCTTCCG TCACAGGTAT 
3001 TTATTCGGCG CAAAGTGCGT CGGGTGATGC TGCCAACTTA GTCGACTACA GGTCACTAAT 
3061 ACCATCTAAG TAGTTGATTC ATAGTGACTG GATATGTTGT GTTTTACAGT ATTATGTAGT 
3121 CTGTTTTTTA TGCAAAATCT AATTTAATAT ATTGATATTT ATATCATTTT ACGTTTCTCG 
3181 TTCAGCTTTC TTGTACAAAG TTGGCATTAT AAGAAAGCAT TGCTTATCAA TTTGTTGCAA 
3241 CGAACAGGTC ACTATCAGTC AAAATAAAAT CATTATTTGC CATCCAGCTG CAGCTCTGGC 
3301 CCGTGTCTCA AAATCTCTGA TGTTACATTG CACAAGATAA AAATATATCA TCATGTTAGA 
3361 AAAACTCATC GAGCATCAAA TGAAACTGCA ATTTATTCAT ATCAGGATTA TCAATACCAT 
3421 ATTTTTGAAA AAGCCGTTTC TGTAATGAAG GAGAAAACTC ACCGAGGCAG TTCCATAGGA 
3481 TGGCAAGATC CTGGTATCGG TCTGCGATTC CGACTCGTCC AACATCAATA CAACCTATTA 
3541 ATTTCCCCTC GTCAAAAATA AGGTTATCAA GTGAGAAATC ACCATGAGTG ACGACTGAAT 
3601 CCGGTGAGAA TGGCAAAAGC TTATGCATTT CTTTCCAGAC TTGTTCAACA GGCCAGCCAT 
3661 TACGCTCGTC ATCAAAATCA CTCGCATCAA CCAAACCGTT ATTCATTCGT GATTGCGCCT 
3721 GAGCGAGACG AAATACGCGA TCGCTGTTAA AAGGACAATT ACAAACAGGA ATCGAATGCA 
3781 ACCGGCGCAG GAACACTGCC AGCGCATCAA CAATATTTTC ACCTGAATCA GGATATTCTT 
3841 CTAATACCTG GAATGCTGTT TTCCCGGGGA TCGCAGTGGT GAGTAACCAT GCATCATCAG 
3901 GAGTACGGAT AAAATGCTTG ATGGTCGGAA GAGGCATAAA TTCCGTCAGC CAGTTTAGTC 
3961 TGACCATCTC ATCTGTAACA TCATTGGCAA CGCTACCTTT GCCATGTTTC AGAAACAACT 
4021 CTGGCGCATC GGGCTTCCCA TACAATCGAT AGATTGTCGC ACCTGATTGC CCGACATTAT 
4081 CGCGAGCCCA TTTATACCCA TATAAATCAG CATCCATGTT GGAATTTAAT CGCGGCCTCG 
4141 AGCAAGACGT TTCCCGTTGA ATATGGCTCA TAGATCTTTT CTCCATCACT GATAGGGAGT 
4201 GGTAAAATAA CTCCATCAAT GATAGAGTGT CAACAACATG ACCAAAATCC CTTAACGTGA 
4261 GTTTTCGTTC CACTGAGCGT CAGACCCCGT AGAAAAGATC AAAGGATCTT CTTGAGATCC 
4321 TTTTTTTCTG CGCGTAATCT GCTGCTTGCA AACAAAAAAA CCACCGCTAC CAGCGGTGGT 
4381 TTGTTTGCCG GATCAAGAGC TACCAACTCT TTTTCCGAAG GTAACTGG 
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fit*. $s 



LOCUS pDONR212 ( 4627 bp DMA CIRCULAR SYN 

DEFINITION i-pDONR212-full ori (rev) rotated to position 277 
ACCESSION pDONR212 ( 
KEYWORDS 

SOURCE Unknown . 

ORGANISM Unknown 

Unclassified. 
REFERENCE 1 (bases 1 to 4627) 
AUTHORS Self 
JOURNAL Unpublished . 
FEATURES Location/Qualifiers 
CDS 17.. 248 

/geness'attPl" 
CDS complement (644.. 949) 

/gene* n ccdB B 
CDS complement (1291.. 1950) 

/gene="Cmr w 
CDS complement (2198.. 2430) 

/gene="attP2" 
CDS complement (2549.. 3279) 

/gene= ,, Km w 

CDS complement (3360.. 3380) 

/gene-"TetOP" 
CDS 3445.. 4084 

/gene= "pUC ori" 
BASE COUNT 1262 a 1126 C 990 g 1249 t 

ORIGIN 

1 ATGGATCTCG GGCCCCAAAT AATGATTTTA TTTTGACTGA TAGTGACCTG TTCGTTGCAA 
61 CAAATTGATG AGCAATGCTT TTTTATAATG CCAACTTTGT ACAAAAAAGC TGATATCGAA 
121 ACGTAAAATG ATATAAATAT CAATATATTA AATTAGATTT TGCATAAAAA ACAGACTACA 
181 TAATACTGTA AAACACAACA TATCCAGTCA CTATGAATCA ACTACTTAGA TGGTATTAGT 
241 GACCTGTAGT CGACCGACAG CCTTCCAAAT GTTCTTCGGG TGATGCTGCC AACTTAGTCG 
301 ACCGACAGCC TTCCAAATGT TCTTCTCAAA CGGAATCGTC GTATCCAGCC TACTCGCTAT 
361 TGTCCTCAAT GCCGTATTAA ATCATAAAAA GAAATAAGAA AAAGAGGTGC GAGCCTCTTT 
421 TTTGTGTGAC AAAATAAAAA CATCTACCTA TTCATATACG CTAGTGTCAT AGTCCTGAAA 
481 ATCATCTGCA TCAAGAACAA TTTCACAACT CTTATACTTT TCTCTTACAA GTCGTTCGGC 
541 TTCATCTGGA TTTTCAGCCT CTATACTTAC TAAACGTGAT AAAGTTTCTG TAATTTCTAC 
601 TGTATCGACC TGCAGACTGG CTGTGTATAA GGGAGCCTGA CATTTATATT CCCCAGAACA 
661 TCAGGTTAAT GGCGTTTTTG ATGTCATTTT CGCGGTGGCT GAGATCAGCC ACTTCTTCCC 
721 CGATAACGGA GACCGGCACA CTGGCCATAT CGGTGGTCAT CATGCGCCAG CTTTCATCCC 
781 CGATATGCAC CACCGGGTAA AGTTCACGGG AGACTTTATC TGACAGCAGA CGTGCACTGG 
841 CCAGGGGGAT CACCATCCGT CGCCCGGGCG TGTCAATAAT ATCACTCTGT ACATCCACAA 
901 ACAGACGATA ACGGCTCTCT CTTTTATAGG TGTAAACCTT AAACTGCATT TCACCAGTCC 
961 CTGTTCTCGT CAGCAAAAGA GCCGTTCATT TCAATAAACC GGGCGACCTC AGCCATCCCT 
1021 TCCTGATTTT CCGCTTTCCA GCGTTCGGCA CGCAGACGAC GGGCTTCATT CTGCATGGTT 
- 1081 GTGCTTACCA GACCGGAGAT ATTGACATCA TATATGCCTT GAGCAACTGA TAGCTGTCGC 
1141 TGTCAACTGT CACTGTAATA CGCTGCTTCA TAGCACACCT CTTTTTGACA TACTTCGGGT 
1201 ATACATATCA GTATATATTC TTATACCGCA AAAATCAGCG CGCAAATACG CATACTGTTA 
1261 TCTGGCTTTT AGTAAGCCGG ATCCACGCGA TTACGCCCCG CCCTGCCACT CATCGCAGTA 
1321 CTGTTGTAAT TCATTAAGCA TTCTGCCGAC ATGGAAGCCA TCACAGACGG CATGATGAAC 
1381 CTGAATCGCC AGCGGCATCA GCACCTTGTC GCCTTGCGTA TAATATTTGC CCATGGTGAA 
1441 AACGGGGGCG AAGAAGTTGT CCATATTGGC CACGTTTAAA TCAAAACTGG TGAAACTCAC 
1501 CCAGGGATTG GCTGAGACGA AAAACATATT CTCAATAAAC CCTTTAGGGA AATAGGCCAG 
1561 GTTTTCACCG TAACACGCCA CATCTTGCGA ATATATGTGT AGAAACTGCC GGAAATCGTC 
1621 GTGGTATTCA CTCCAGAGCG ATGAAAACGT TTCAGTTTGC TCATGGAAAA CGGTGTAACA 
1681 AGGGTGAACA CTATCCCATA TCACCAGCTC ACCGTCTTTC ATTGCCATAC GGAATTCCGG 
1741 ATGAGCATTC ATCAGGCGGG CAAGAATGTG AATAAAGGCC GGATAAAACT TGTGCTTATT 
1801 TTTCTTTACG GTCTTTAAAA AGGCCGTAAT ATCCAGCTGA ACGGTCTGGT TATAGGTACA 
1861 TTGAGCAACT GACTGAAATG CCTCAAAATG TTCTTTACGA TGCCATTGGG ATATATCAAC 
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1921 GGTGGTATAT CCAGTGATTT TTTTCTCCAT TTTAGCTTCC TTAGCTCCTG AAAATCTCGA 
1981 TAACTCAAAA AATACGCCCG GTAGTGATCT TATTTCATTA TGGTGAAAGT TGGAACCTCT 
2041 TACGTGCCGA TCAACGTCTC ATTTTCGCCA AAAGTTGGCC CAGGGCTTCC CGGTATCAAC 
2101 AGGGACACCA GGATTTATTT ATTCTGCGAA GTGATCTTCC GTCACAGGTA TTTATTCGGC 
2161 GCAAAGTGCG TCGGGTGATG CTGCCAACTT AGTCGACTAC AGGTCACTAA TACCATCTAA 
2221 GTAGTTGATT CATAGTGACT GGATATGTTG TGTTTTACAG TATTATGTAG TCTGTTTTTT 
2281 ATGCAAAATC TAATTTAATA TATTGATATT TATATCATTT TACGTTTCTC GTTCAGCTTT 
2341 CTTGTACAAA GTTGGCATTA TAAGAAAGCA TTGCTTATCA ATTTGTTGCA ACGAACAGGT 
2401 CACTATCAGT CAAAATAAAii. TCATTAVTTG CCATCCAGCT GCAGCTCTGG CCCGTGTCTC 
2461 AAAATCTCTG ATGTTACATT GCACAAGATA AAAATATATC ATCATGTTAG AAAAACTCAT 
2521 CGAGCATCAA ATGAAACTGC AATTTATTCA TATCAGGATT ATCAATACCA TATTTTTGAA 
2581 AAAGCCGTTT CTGTAATGAA GGAGAAAACT CACCGAGGCA GTTCCATAGG ATGGCAAGAT 
2641 CCTGGTATCG GTCTGCGATT CCGACTCGTC CAACATCAAT ACAACCTATT AATTTCCCCT 
2701 CGTCAAAAAT AAGGTTATCA AGTGAGAAAT CACCATGAGT GACGACTGAA TCCGGTGAGA 
2761 ATGGCAAAAG CTTATGCATT TCTTTCCAGA CTTGTTCAAC AGGCCAGCCA TTACGCTCGT 
2821 CATCAAAATC ACTCGCATCA ACCAAACCGT TATTCATTCG TGATTGCGCC TGAGCGAGAC 
2881 GAAATACGCG ATCGCTGTTA AAAGGACAAT TACAAACAGG AATCGAATGC AACCGGCGCA 
2941 GGAACACTGC CAGCGCATCA ACAATATTTT CACCTGAATC AGGATATTCT TCTAATACCT 
3001 GGAATGCTGT TTTCCCGGGG ATCGCAGTGG TGAGTAACCA TGCATCATCA GGAGTACGGA 
3061 TAAAATGCTT GATGGTCGGA AGAGGCATAA ATTCCGTCAG CCAGTTTAGT CTGACCATCT 
3121 CATCTGTAAC ATCATTGGCA ACGCTACCTT TGCCATGTTT CAGAAACAAC TCTGGCGCAT 
3181 CGGGCTTCCC ATACAATCGA TAGATTGTCG CACCTGATTG CCCGACATTA TCGCGAGCCC 
3241 ATTTATACCC ATATAAATCA GCATCCATGT TGGAATTTAA TCGCGGCCTC GAGCAAGACG 
3301 TTTCCCGTTG AATATGGCTC ATAGATCTTT TCTCCATCAC TGATAGGGAG TGGTAAAATA 
3361 ACTCCATCAA TGATAGAGTG TCAACAACAT GACCAAAATC CCTTAACGTG AGTTACGCGT 
3421 CGTTCCACTG AGCGTCAGAC CCCGTAGAAA AGATCAAAGG ATCTTCTTGA GATCCTTTTT 
3481 TTCTGCGCGT AATCTGCTGC TTGCAAACAA AAAAACCACC GCTACCAGCG GTGGTTTGTT 
3541 TGCCGGATCA AGAGCTACCA ACTCTTTTTC CGAAGGTAAC TGGCTTCAGC AGAGCGCAGA 
3601 TACCAAATAC TGTCCTTCTA GTGTAGCCGT AGTTAGGCCA CCACTTCAAG AACTCTGTAG 
3661 CACCGCCTAC ATACCTCGCT CTGCTAATCC TGTTACCAGT GGCTGCTGCC AGTGGCGATA 
3721 AGTCGTGTCT TACCGGGTTG GACTCAAGAC GATAGTTACC GGATAAGGCG CAGCGGTCGG 
3781 GCTGAACGGG GGGTTCGTGC ACACAGCCCA GCTTGGAGCG AACGACCTAC ACCGAACTGA 
3841 GATACCTACA GCGTGAGCAT TGAGAAAGCG CCACGCTTCC CGAAGGGAGA AAGGCGGACA 
3901 GGTATCCGGT AAGCGGCAGG GTCGGAACAG GAGAGCGCAC GAGGGAGCTT CCAGGGGGAA 
3961 ACGCCTGGTA TCTTTATAGT CCTGTCGGGT TTCGCCACCT CTGACTTGAG CGTCGATTTT 
4021 TGTGATGCTC GTCAGGGGGG CGGAGCCTAT GGAAAAACGC CAGCAACGCG GCCTTTTTAC 
4081 GGTTCCTGGC CTTTTGCTGG CCTTTTGCTC ACATGTTCTT TCCTGCGTTA TCCCCTGATT 
4141 CTGTGGATAA CCGTATTACC GCCTTT6AGT GAGCTGATAC CGCTCGCCGC AGCCGAACGA 
4201 CCGAGCGCAG CGAGTCAGTG AGCGAGGAAG CGGAAGAGCG CCCAATACGC AAACCGCCTC 
4261 TCCCCGCGCG TTGGCCGATT CATTAATGCA GCTGGCACGA CAGGTTTCCC GACTGGAAAG 
4321 CGGGCAGTGA GCGCAACGCA ATTAATACGC GTACCGCTAG CCAGGAAGAG TTTGTAGAAA 
4381 CGCAAAAAGG CCATCCGTCA GGATGGCCTT CTGCTTAGTT TGATGCCTGG CAGTTTATGG 
4441 CGGGCGTCCT GCCCGCCACC CTCCGGGCCG TTGCTTCACA ACGTTCAAAT CCGCTCCCGG 
4501 CGGATTTGTC CTACTCAGGA GAGCGTTCAC CGACAAACAA CAGATAAAAC GAAAGGCCCA 
4561 GTCTTCCGAC TGAGCCTTTC GTTTTATTTG ATGCCTGGCA GTTCCCTACT CTCGCGTTAA 
4621 CGCTAGC 
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LOCUS 

DEFINITION 
ACCESSION 
KEYWORDS 
SOURCE 
ORGANISM 

REFERENCE 
AUTHORS 
JOURNAL 

FEATURES 
• CDS 

CDS 

CDS 



CDS 



CDS 



CDS 



CDS 



PDONR212 ( 4627 bp DNA CIRCULAR SYN 
PDONR212 (full ori rev) rotated to position 1213 
PDONR212 ( 

Unknown . 

Unknown 

Unclassified. 

1 (bases 1 to 4627) 

Self 

Unpublished, 

Location/Qualifiers 
17. .248 
/crenev'attPl" 
complement ( 644 . . 949 ) 
/gene= "ccdB" 
complement (1291. ,1950) 
/gene= B Cmr" 

complement (2198.. 2430) 
/gene=' , attP2 ,, 
complement (2549. .3279) 
/gene= n Km" 

complement (3360. .3380) 
/gene- "Te tOP" 
complement (3683.. 4322) 
/gene« n pUC ori" 
1257 a 1131 c 985 { 



BASE COUNT 1257 a 1131 c 985 g 1254 t 
ORIGIN 

1 ATGGATCTCG GGCCCCAAAT AATGATTTTA TTTTGACTGA TAGTGACCTG TTCGTTGCAA 
61 CAAATTGATG AGCAATGCTT TTTTATAATG CCAACTTTGT ACAAAAAAGC TGATATCGAA 
121 ACGTAAAATG ATATAAATAT CAATATATTA AATTAGATTT TGCATAAAAA ACAGACTACA 
181 TAATACTGTA AAACACAACA TATCCAGTCA CTATGAATCA ACTACTTAGA TGGTATTAGT 
241 GACCTGTAGT CGACCGACAG CCTTCCAAAT GTTCTTCGGG TGATGCTGCC AACTTAGTCG 
301 ACCGACAGCC TTCCAAATGT TCTTCTCAAA CGGAATCGTC GTATCCAGCC TACTCGCTAT 
361 TGTCCTCAAT GCCGTATTAA ATCATAAAAA GAAATAAGAA AAAGAGGTGC GAGCCTCTTT 
421 TTTGTGTGAC AAAATAAAAA CATCTACCTA TTCATATACG CTAGTGTCAT AGTCCTGAAA 
481 ATCATCTGCA TCAAGAACAA TTTCACAACT CTTATACTTT TCTCTTACAA GTCGTTCGGC 
541 TTCATCTGGA TTTTCAGCCT CTATACTTAC TAAACGTGAT AAAGTTTCTG TAATTTCTAC 
601 TGTATCGACC TGCAGACTGG CTGTGTATAA GGGAGCCTGA CATTTATATT CCCCAGAACA 
661 TCAGGTTAAT GGCGTTTTTG ATGTCATTTT CGCGGTGGCT GAGATCAGCC ACTTCTTCCC 
721 CGATAACGGA GACCGGCACA CTGGCCATAT CGGTGGTCAT CATGCGCCAG CTTTCATCCC 
781 CGATATGCAC CACCGGGTAA AGTTCACGGG AGACTTTATC TGACAGCAGA CGTGCACTGG 
841 CCAGGGGGAT CACCATCCGT CGCCCGGGCG TGTCAATAAT ATCACTCTGT ACATCCACAA 
901 ACAGACGATA ACGGCTCTCT CTTTTATAGG TGTAAACCTT AAACTGCATT TCACCAGTCC 
961 CTGTTCTCGT CAGCAAAAGA GCCGTTCATT TCAATAAACC GGGCGACCTC AGCCATCCCT 
1021 TCCTGATTTT CCGCTTTCCA GCGTTCGGCA CGCAGACGAC GGGCTTCATT CTGCATGGTT 
1081 GTGCTTACCA GACCGGAGAT ATTGACATCA TATATGCCTT GAGCAACTGA TAGCTGTCGC 
1141 TGTCAACTGT CACTGTAATA CGCTGCTTCA TAGCACACCT CTTTTTGACA TACTTCGGGT 
1201 ATACATATCA GTATATATTC TTATACCGCA AAAATCAGCG CGCAAATACG CATACTGTTA 
1261 TCTGGCTTTT AGTAAGCCGG ATCCACGCGA TTACGCCCCG CCCTGCCACT CATCGCAGTA 
1321 CTGTTGTAAT TCATTAAGCA TTCTGCCGAC ATGGAAGCCA TCACAGACGG CATGATGAAC 
1381 CTGAATCGCC AGCGGCATCA GCACCTTGTC GCCTTGCGTA TAATATTTGC CCATGGTGAA 
1441 AACGGGGGCG AAGAAGTTGT CCATATTGGC CACGTTTAAA TCAAAACTGG TGAAACTCAC 
1501 CCAGGGATTG GCTGAGACGA AAAACATATT CTCAATAAAC CCTTTAGGGA AATAGGCCAG 
1561 GTTTTCACCG TAACACGCCA CATCTTGCGA ATATATGTGT AGAAACTGCC GGAAATCGTC 
1621 GTGGTATTCA CTCCAGAGCG ATGAAAACGT TTCAGTTTGC TCATGGAAAA CGGTGTAACA 
1681 AGGGTGAACA CTATCCCATA TCACCAGCTC ACCGTCTTTC ATTGCCATAC GGAATTCCGG 
1741 ATGAGCATTC ATCAGGCGGG CAAGAATGTG AATAAAGGCC GGATAAAACT TGTGCTTATT 
1801 TTTCTTTACG GTCTTTAAAA AGGCCGTAAT ATCCAGCTGA ACGGTCTGGT TATAGGTACA 
1B61 TTGAGCAACT GACTGAAATG CCTCAAAATG TTCTTTACGA TGCCATTGGG ATATATCAAC 
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1921 GGTGGTATAT CCAGTGATTT TTTTCTCCAT TTTAGCTTCC TTAGCTCCTG AAAATCTCGA 
1981 TAACTCAAAA AATACGCCCG GTAGTGATCT TATTTCATTA TGGTGAAAGT TGGAACCTCT 
2041 TACGTGCCGA TCAACGTCTC ATTTTCGCCA AAAGTTGGCC CAGGGCTTCC CGGTATCAAC 
2101 AGGGACACCA GGATTTATTT ATTCTGCGAA GTGATCTTCC GTCACAGGTA TTTATTCGGC 
2161 GCAAAGTGCG TCGGOTGATG CTGCCAACTT AGTCGACTAC AGGTCACTAA TACCATCTAA 
2221 GTAGTTGATT CATAGTGACT GGATATGTTG TGTTTTACAG TATTATGTAG TCTGTTTTTT 
2281 ATGCAAAATC TAATTTAATA TATTGATATT TATATCATTT TACGTTTCTC GTTCAGCTTT 
2341 CTTGTACAAA GTTGGCATTA TAAGAAAGCA TTGCTTATCA ATTTGTTGCA ACGAACAGGT 
2401 CACTATCAGT CAAAATAAAA TCATTATTTG CCATCCAGCT GCAGCTCTGG CCCGTGTCTC 
2461 AAAATCTCTG ATGTTACATT GCACAAGATA AAAATATATC ATCATGTTAG AAAAACTCAT 
2521 CGAGCATCAA ATGAAACTGC AATTTATTCA TATCAGGATT ATCAATACCA TATTTTTGAA 
2581 AAAGCCGTTT CTGTAATGAA GGAGAAAACT CACCGAGGCA GTTCCATAGG ATGGCAAGAT 
2641 CCTGGTATCG GTCTGCGATT CCGACTCGTC CAACATCAAT ACAACCTATT AATTTCCCCT 
2701 CGTCAAAAAT AAGGTTATCA AGTGAGAAAT CACCATGAGT GACGACTGAA TCCGGTGAGA 
2761 ATGGCAAAAG CTTATGCATT TCTTTCCAGA CTTGTTCAAC AGGCCAGCCA TTACGCTCGT 
2821 CATCAAAATC ACTCGCATCA ACCAAACCGT TATTCATTCG TGATTGCGCC TGAGCGAGAC 
2881 GAAATACGCG ATCGCTGTTA AAAGGACAAT TACAAACAGG AATCGAATGC AACCGGCGCA 
2941 GGAACACTGC CAGCGCATCA ACAATATTTT CACCTGAATC AGGATATTCT TCTAATACCT 
3001 GGAATGCTGT TTTCCCGGGG ATCGCAGTGG TGAGTAACCA TGCATCATCA GGAGTACGGA 
3061 TAAAATGCTT GATGGTCGGA AGAGGCATAA ATTCCGTCAG CCAGTTTACT CTGACCATCT 
3121 CATCTGTAAC ATCATTGGCA ACGCTACCTT TGCCATGTTT CAGAAACAAC TCTGGCGCAT 
3181 CGGGCTTCCC ATACAATCGA TAGATTGTCG CACCTGATTG CCCGACATTA TCGCGAGCCC 
3241 ATTTATACCC ATATAAATCA GCATCCATGT TGGAATTTAA TCGCGGCCTC GAGCAAGACG 
3301 TTTCCCGTTO AATATGGCTC ATAGATCTTT TCTCCATCAC TOATAGGGAG TGGTAAAATA 
3361 ACTCCATCAA TGATAGAGTG TCAACAACAT GACCAAAATC CCTTAACGTG AGTTACGCGT 
3421 ATTAATTGCG TTGCGCTCAC TGCCCGCTTT CCAGTCGGGA AACCTGTCGT GCCAGCTGCA 
3481 TTAATGAATC GGCCAACGCG CGGGGAGAGG CGGTTTGCGT AUTGGGCGCT CTTCCGCTTC 
3541 CTCGCTCACT GACTCGCTGC GCTCGGTCGT TCGGCTGCGG CGAGCGGTAT CAGCTCACTC 
3601 AAAGGCGGTA ATACGGTTAT CCACAGAATC AGGGGATAAC GCAGGAAAGA ACATGTGAGC 
3661 AAAAGGCCAG CAAAAGGCCA GGAACCGTAA AAAGGCCGCG TTGCTGGCGT TTTTCCATAG 
3721 GCTCCGCCCC CCTGACGAGC ATCACAAAAA TCGACGCTCA AGTCAGAGGT GGCGAAACCC 
3781 QACAGGACTA TAAAGATACC AGGCGTTTCC CCCTGGAAGC TCCCTCGTGC GCTCTCCTGT 
3841 TCCGACCCTG CCGCTTACCG GATACCTGTC CGCCTTTCTC CCTTCGGGAA GCGTGGCGCT 
3901 TTCTCAATGC TCACGCTGTA GGTATCTCAG TTCGGTGTAG GTCGTTCGCT CCAAGCTGGG 
3961 CTGTGTGCAC GAACCCCCCG TTCAGCCCGA CCGCTGCGCC TTATCCGGTA ACTATCGTCT 
4021 TGAGTCCAAC CCGGTAAGAC ACGACTTATC GCCACTGGCA GCAGCCACTG GTAACAGGAT 
4081 TAGCAGAGCG AGGTATGTAG GCGGTGCTAC AGAGTTCTTG AAGTGGTGGC CTAACTACGG 
4141 CTACACTAGA AGGACAGTAT TTGGTATCTG CGCTCTGCTG AAGCCAGTTA CCTTCGGAAA 
4201 AAGAQTTGGT AGCTCTTGAT CCGGCAAACA AACCACCGCT GGTAGCGGTG GTTTTTTTGT 
4261 TTGCAAGCAG CAGATTACGC GCAGAAAAAA AGGATCTCAA GAAGATCCTT TGATCTTTTC 
4321 TACGGGGTCT GACGCTCAGT GGAACGACGC GTACCGCTAG CCAGGAAGAG TTTGTAGAAA 
4381 CGCAAAAAGG CCATCCGTCA GGATGGCCTT CTGCTTAGTT TGATGCCTGG CAGTTTATGG 
4441 CGGGCGTCCT GCCCGCCACC CTCCGGGCCG TTGCTTCACA ACGTTCAAAT CCGCTCCCGG 
4501 CGGATTTGTC CTACTCAGGA GAGCGTTCAC CGACAAACAA CAGATAAAAC GAAAGGCCCA 
4561 GTCTTCCGAC TGAGCCTTTC GTTTTATTTG ATGCCTGGCA GTTCCCTACT CTCGCGTTAA 
4621 CGCTAGC 
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1 CCATTCOCCA TTCAGBCTGC GCAACTGTTQ GGAAflQOCOA TCGGTGCGGG CCTCTTOOCT 
fcl ATTACGCCAG CCAATACOCA AACCGCCTCT CCCCOCttCOT TOOCCQATTC ATTAAXQCAQ 
121 GAXCGATCCA GACATGATAA GATACATTGA TOAOTTTOGA CAAACCACAA CTA3AATGCA 
1B1 OTOAAAAAAA TOCTTTATTT OTOAAATTTO TQATGCEATT CCTT TATTTG TA ACCAT TAT 
241 AAQCTGCAAT AAAGAAGIT^ ACAACAACAA TTOCATTCXt TTTATOTTTC AGOTTCAOGO 
301 GOA30TOTOO GAGGTTTTTT AAA6CAAQTA AAACCTCTAC AA AOTTO OTA TOQCTQ ATOA 
361 TGATCATOAA CAQACTOTOA GGACTGAOGG GCCTGAAATG AG CCXTg OQA CTOTOAATCT 
431 AAAASACNCA AACAATTAGA ATCACTAOCT CCTGTOTATA ATATTTTCA7 AAATCATACT 
461 CASXAAQCAA AACTCTCAAO 'CA^CAAOCAS ATOCAflCTAS TTTAACACAT TATACACTTA 
541 AAAATTTTAT ATTTACCTTA GAGCTTTAAA TCTCTGTAGG TAGTTTGTCC A ATTAT QTCA 
601 QACCAGAflAA OTAAOOTTCC TTCACAAAOA TCCCAASCTA OCAOTTTTCC CACT CACQAC 
661 GTTOTAAAAC GAGGGCCAOT OCCTAflCTTA TAATAGGACT CACTATAOOO ACCACTTTQT 
721 ACAAOAAAOC TGOGTAOQCO TAAOQTTOOO CCeCTOOAOO GATOCTCTAG AOQ ggCOQCC 
761 QACTAOtdAO CTCGTCGACG ATATCCOW* AATTCCOOAC CQOTACCAOC CTQCVlTrrf 
B41 STACAAACTT OTTCTATAOT GTCACCTAAA TAQQCCXAAX QQTCATAOCT 3TTTCCT0TO 
901 TOAAATTOTT AT C C G CTCCO COOCCTAGOt; TASAOTCCGO AOGCTGOATC GGTCCCOGTO 
961 TCTTCTATOO AQOTCAAAAC AGCGTOGATG GCGTCTCCAG OCGATCTGAC GGTTCACTAA 
1021 ACGAOCTCTO 'CTTATATAGA CCTCCCACCG TACACGCCTA CCGCCCACTT GCOTCAATGO 
1081 GGOGOAOTTG TTACGACATT •TTQQAAAOTt! CCGTVOAXTT TGQTQCCAAA ACAAA CT CCC 
114.1 ATTOACOTCA ATGOOOTOQA GACTTGOAAA TCCCC8TOA0 TCAAACCOCT ATCCAOCCCC 
1201 ATTGATGTAC TGCCAAAACC QCATCACCAT OGTAATAOCG ' ATOACTAATA CQTAGA TGTA . 
1361 CTCCCAAOTA OOAAAflTCCC AXAAdGTCAI OTACXGOQCA TAATOCCAOG C600CCATTT 
1321 ACC8TGATX0 ACOTCAATAO GGKSGCGTACT TGOCATAVOA TACACTTQAT QTACTOCCAA 
1381 GTOGOCAGTT TACCOTAAAT ACtCCAcdcA TTOACQTCAA TOQAAAPTCC GTATTGOCQT 
1441 TACTATGQQA ACATACQTCA TTATTGACGT CAAT80QOOO OQOTCOTTQS GCCWTCASCC 
1501 AGOCGGGCCA TTTACCOTAA GTTATGTAAC GACATOCATC TAATOAOTOA AAjOGGCCTCG 
1561 TACXACGCCT ATTTTTATA3 GrtAATOTCA. TOATAATAAT GOTTTCTTAG ACOTCAOGTQ 
1621 GCACTTTTCG GGOAAATGTS CGCQQAACCC C f imWm ATTtTTCTAA ATACATTCAA 
1681 ATATGTATCC OCTCATOAGA CAATAACCCT GATAAATOCT TCAATAATAT TGAAAAACGC 
1741 GCGAATTGCA AGCTCTQCAT TAATGAATCG GOCAACGCGC GGGQ AQAGQC GGTTTGCGTA 
1801 TTOOGCGCTC TTCCGCTTCC TOGCTCACTG ACTCGCTGCQ CTCOGTC0TT CGGCTflCGGC 
1861 OAGCGGTATC AGCTCACTCA AAQGCGOTA* TACGGTTATC CACAflAATOA GGOGATAACG 

1921 CAGGAAAGAA catgtgaoca aaaggccagc aaaagqcgao oaaccgtaaa aaoqccqcgt 

1991 TGCTGGCGTT TTTCCATAOG OT$CGCCCCC CTGACQAOOA TCACAAAAA? CGACGCTCAA 
2041 OrCAOAOGTO 0O3AAACCCG ACAOOACTAT AAAGATACCA GOCQTTXCCP CCTOGAAGCT 
2101 CCCTCGTGCG CTCTCCTOTT CCGACCCTGC CGCTTACCGG ATACCTOTCC QCC TgTC ICC 
2161 CTTCG30AAG CGTGGCGCTT TCTCAATtJCT CACOCTGTAG OTATCTCAGT TC9GTGTA0G 
2221 TCGTTCQCTC CAAOCTGGGC TOtOYGCACG fcACCCCCCOT TCAGCCCGAC CGCTQCQCCT 
2281 TATCOGGTAA CTATCGTCTT GAGfCCA&GC CGGTAAGACA CGACTWTCG CCACTGGCAfl 
2341 CAGCCACTGG TAACAGOAXT ftG$U3AatiQA GGTATQTAGO CGGTGCTACA GASTTCTTGA 
2401 AGTOGTGGCC TAACTACGGC TJiaHCTAaAA GGACAOTKIT TGGTATCTOC GCTCTOCTGA 
24*61 AOCCAGTTAC CTTCGGAAAA AGAGTTC3Q1A GCTCTTGATC CGGCAAACAA ACCACCGCT0 
2521 GTAGCGOTOG TTTTTTTOTT TGCAAGCAGC AGATTACGCG CAGAAAAAAA GGATCTCAAG 
2581 AAOATCCTTT GATCTTTTCT ACGGGGTCTO ACGCTCAGTO OAAOBAAAA C TCACOTTAAO 
3641 OOATTTTGGT CATGCCATAA CTTCQtf ATJU3 CATACATTAT ACGAAOTTAT GGCAI^GAGAT 
3701 TATCAAAAAG GATCTTCACC TAGATCCTTT TAAATTAAAA ATGAAGTTTT AAATCAATCT 
2761 AAAGTATATA TGAGTAAACT TGOTCT^ACA GTtACCAATG CXTAATCAOT OAGGCACCTA 
2821 TCTCAGCGAT CTQTCTATTT COTTCAtCCA TAGTTGCCTG ACTCCCCGTC GTGTAQATAA 
2861 CTACOATACG GGAGGGCTTA CCATdTGGCG CCAdTQCTGC AATGATACCG CQAGACCGAC 
2941 GCTCACCGGC TCCAGATTTA TCAQCAATAA ACCASCCAGC CGGAAGGGCC GAGCGCAOAA 
3001 QTGQTCCTGC AACTTTATCC GCCTCCA7CC AGTCTATTAA* TTGTTOCCGG GAAGCTAGAG 
3061 TAAGTAOTTC GCCAGTTAAT AGTTTGCOCA ACGTTOTTOC CATTGCTACA GQCATCOTOG 
3121 TGTCACGCTC GTCOTTTGGT A7GGC77CAT TCAGCTOCQQ TTCDXAAOGA TCAAOGCGAG- 
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3181 TTACATOAXC CCCCATGTTG TGCAAAAAAO OQGTTAGCTC CTTCOOTCCT CCGATCOTTG 
3241 TCA0AA3TAA QTTGGCCGCA GTGTTATCAC TCATGGTTAT OGCAOCACTG CATAATTCTC 
3301 TTACTGTCAT OCCATCCOTA AOATOCTTTT CTOTOACTOO TGAGTACTCA ACCAAOTCAX 
3361 TCTOAOAATA OTOTATQCQO CGACCQAOT? OCTCTPOCCC O0O0TCAATA COGOATAAVA 
3431 CCGCOCCAGA TAGCA0AACT TTAAAAOTOC TCATCATTGG AfcAACOTTCT TCGGGGCGAA 
34B1 AACT CTCAAO QATCTTACCQ CTOTTOAQAT CCAGTTCGAT GXAACCCACT CQTOCACCCA 
3541 ACTOATCTTC AGCATCXTTT ACTTTCACCA GOGTTTCTGG GTGAGCAAAA ACAGOkAOGG 
3601 AA AATQ CCQC AAAAAAQGGA ATAAGGOCGA CAOGQAAATG TTOAATACTC ATACTCTTCC 
3661 TTTTTCAATA TTATTQAAGC ATTTATCAflO OTTATTOTGT CATGCCAGGQ OTGGGCACAC 
3721 ATATTTOATA CCAQCQATCC CTACACAOCA CATAATTCAA TGOGACTTCC CTCXATGQGA 
3781 CMCTTACRC CTTTATTCTC CCTCCAOCAC ACATCGAAOC TGCCGAGGAA GCCGTTCTCA 
3841 CCAOTCCAAO ACCTGGCAVG AGOGGATACA TATTTGAATG TATTTAQAAA AAtAAAGAAA 
3901 TAQGQ QTOCC GCGCACATTT CCCCGAAAAG TGCCACCTGA AAtTOXAAAC OTTAATATTT 
3961 T8TTAAAAST CGCGITAAAX TTTTOTTAAA TCAGCTCATT TTTTAACCAA TAGGjCCOAAA 
4021 TCOGCAAAAT CCCTTAXAAA TGAAAAOAAT AOACCGADAT AGGGTTGAGTT GTT0TTCCA9 
4081 TTTOOAACAA GAGTCCACTA TTAAAOAACG TOGACTOCAA CGTCAAAGGG GOAAAAACCQ 
4141 TCTATCAGGG CGATGGCCCA CTACOTGAAC CATCACCCTA ATCAASTTTT TTGGGGTCGA 
4301 GdTGCCQTAA AGCACTAAAX CGGAACCCTA AAGGGAGCCC CCGATTTAGA OCTTOACGOG 
4361 GAtfAGCCGGC OAACOTGOCG AOAAAGOAAO GOAAOAAAGC • GAAAGGAGCQ GOCOCTAOOG 
4321 CQCTGOCAAa TOTAGCGGTC ACGCTGCGCO SAACCACCAC AOCCGCCGCG CTTAATGCGC 
4381 OQCTACAOGO CGCGTC 
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